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Abstract of thesis entitled: Antioxidant and Antiprol i ferat ive 
Activities of Flower Tea Extracts 
Different dried flowers are brewed into beverages as folk medicines for many 
centuries. Flower herbal teas are claimed to have a variety of health promoting 
effects and they have become popular among health-conscious consumers. They may 
play an important role in human nutrition as preventative agents against oxidative 
stress and cancer. 
Our objective was to study the antioxidant and antiproliferative acitivities of 
some common flower teas. 
The antioxidant activities were determined by means of the TEAC assay, 
deoxyribose assay. The protection effects on oxidative DNA damage were 
determined by comet assay. The total phenolic content was determined by 
Folin-Ciocalteu method. The total flavonoid content was determined by AICI3 
method. MTT assay and BrdU labeling analysis were employed in the study of 
antiproliferative activities against 4 human cancer cell lines including HepG2 
(human liver cancer cells), MCF7 (human breast cancer cells), A375(human skin 
cancer cells) and Colo201 (human colon cancer cells). The genotoxicity of the flower 
extracts was evaluated by the SOS chromotest assay. 
Among the seven flowers studied, Rosa rugosa has the highest phenolic (0.043 
g catachin equivalent /g dry wt) and flavonoid (0.026 g catachin equivalent / g dry wt) 
contents. It exhibited the highest antioxidant activity in both the TEAC and 
deoxyribose assays. The extract of R. rugosa also showed protective effects on 
oxidative DNA damage. It also exhibited antiproliferative activity. In MTT assay, the 
IC50 of R. rugosa extract powder against HepG2 and MCF7 were 85.13fig/ml and 
91.69 |Lig /ml respectively. In BrdU labeling analysis, the IC50 of R rugosa extract 
against HepG2, MCF7, A375 and Colo201 were 59.93^ig /ml, 518.78 (ig /ml, 46.38 
l^ g /ml and 67.90|ig /ml respectively. All flower extracts tested showed no 
genotoxicity. 
Oxidative stress is a cause of many degenerative diseases. The potent 
antioxidant and antiproliferative acitivities of R. rugosa extract revealed in this 
investigation suggest that this flower herbal tea may have chemopreventive property 
and is a good candidate as a health food product. 
Submitted by: Leung Yu Tim 
For the degree of M. Phil of food and nutritional sciences program( July, 2006) 
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Chapter 1 Introduction 
1.1 Flower herbal teas 
Drinking flower tea, brewing flower petals with hot water, have long history in 
Asia一particularly, in China. Nowadays, drinking flower tea is very prevalent in 
Asian countries, including Hong Kong. Sometimes, flower tea is mixed with green 
tea for consumption. People like drinking flower teas because of their flavors, nice 
color, and most importantly, the health promoting effects. Numerous flowers are 
regarded as traditional Chinese medicine (TCM). G. globosa, T. majus and R. Rugosa, 
selected in this research are TCMs. Flower petals are believed to contain tremendous 
secondary metabolites since flower belongs to higher plant. The most active secon-
dary metabolites are plant phenolic compounds. There is intense interest in plant 
phenolic compounds, as reported by the numerous literature journals devoted to 
various aspects of these compounds (Rice-Evans et al., 1997). The antioxidant 
activities of phenolic compounds are becoming increasing improtance in the food 
industry as an alternative to synthetic antioxidants (Cook, 1996). The health promo-
ting effects of flower teas may due to antioxidant effects of phenolic compounds. 
ROS can cause oxidative damage to DNA, which in turn eventually may lead to 
carcinogenesis. So the antioxidant activities of phenolic compounds in flower 
extracts may contribute to considerable cancer prevention effects. 
Natural compounds, mainly flavonoids, isolated from medicinal plants as rich 
sources of novel antitumor activity, have been of increasing interest. Actually, many 
scientific reports from recent studies showed the biological activities of flavonoids 
against basic functions of cancer cells; such as, proliferation, differentiation and 
apoptosis (Csokay et al., 1997). 
In this research, two important biological activities of flower tea extracts一 
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antioxidant and antiproliferative activities一are being studied. 
Gomphrena globosa f f * 曰红)，Hibiscus sabdariffa (洛神花)，Lavandula 
officinalis (薰衣草)，Tropaeolum majus L.(金蓮花)，Limonium sinuatum (毋)S我)， 
Matthiola incana (紫羅蘭)，Rosa rugosa (糸工玫瑰)are selected in this research (fig. 
1.28). Among them, G. globosa, T. majus, and R. rugosa are traditional Chinese 
medicines recorded in the classical Chinese Materia Medica, and they are used for 
treatment of many aliments; such as, headache, diarrhea, cough, earache, thrush, etc 
(Zhao et al.,2003 & Chen, 2000). H. sabdariffa, which is originated from India, is 
used to produce soft drink; this drink is named 一 karkade or red tea and is highly 
appreciated all over the world for the particular sensation of freshness conveyed; 
H. sabdariffa-hsLSQd products are used in popular medicine to obtain an 
anti-hypertensive effect (Onyenekwe et al., 1999); H. sabdariffa is potentially good 
source of antioxidant agents as anthocyanins (Ali et al., 2003). The oil of 
L. officinalis (originated from France and Spain) is used in aromatherapy due to its 
calming and relaxing properties (Cananagh et al., 2002). L. sinuatum, which is 
originated from Mediterranean, is commonly called Wavyleaf Sea-lavender (Artelari 
et al.,1999). M. incana, which is originated from south Europe, contains abundant 
anthocyanins, particularly cyanidin. R. rugosa is investigated for its floral 
anthocyanins, in which eleven anthocyanins are found: 3-glucosides and 
3,5-diglucosides of cyanidin (Cy), pelargonidin (Pg) and peonidin (Pn), 3-rutinosides 
and 3-p-coumaroylglucoside -5-glucosides of Cy and Pn, and Cy 3-sophoroside, Cy 
3-rutinoside, Pn 3-rutinoside, Pn 3-p-coumaroylglucoside-5-glucoside and Cy 
3-sophorosid (Mikanagi et al., 2000). 
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1.2 R. rugosa 
R. rugosa rose are known as fragrant and medicinal plants in East Asia. In 
northern Japan, the dried petals have been used as antidiarrhoeal and haemostatic 
agents. In China, dried petals of it were used in the preparation of rose tea because of 
its sweetness and fragrant; the tea was also believed to give nourishment. In the 
middle of the nineteenth century, R. rugosa was introduced into Europe and North 
America. (Shibata L., 1957). 
R. rugosa has been found to accumulate heavymetals (e.g. Fe, Cu and Zn) in 
the leaves. Since these metals can be contributed by air pollutants, it has been 
suggested that this plant could be used as an environmental monitor of air and soil 
pollution. It is also found that such mineral elements accumulated in the leaves, 
particularly those associated with cynipid galls, and that hight levels result in 
modification of phloem tissues (Ueda Y., 2000). 
1.2.1 The phytochemistry of R. rugosa 
Phenolic compounds 
Both aerial and underground parts of R. rugosa contain high amounts of 
phenolic constituents. The petals are rich in hydrosable tannins, whereas the roots 
contain abundant amounts of condensed tannins and catechin derivatives. 
Hydrolysable tannins 
A series of mono- and oligomeric hydrolysable tannins of high molecular 
weight have been isolated from fresh petals. Tellimagrandin and rugosin are the basic 
units of the oligomeric tannins. Dried flowers of R. rugosa have been used as 
antidiarrhoeal and haemostatic agents and it is probable that these hydrolysable 
tannins are the chemical factors involved in the medicinal activity. Two simple 
gallotannins, 1,2,3-trigalloyl- [3 -D-glucose and 1,2,6-trigalloyl- /3 -D-glucose, are 
J 
also found in the petals; The cynipid galls are known to contain abundant phenolics, 
including gallic acid and gallotannin-like substances; a large amount of methyl 
gallate is found in the methanolic extract of the leaves. 
Woody tissues of suckers and anchor roots of a pale red colour contain large 
amounts of condensed tannins and their oxidized derivatives. Catechins occur in the 
immature fruit hips; while catechin derivatives are more abundant in the underground 
parts of R. rugosa. 
Immature fruits of R . rugosa contain abundant of kaempferol, kaempferol 
3-0-13 -glucoside, quercetin and quercetin 3-0- /3 -glucoside. Rutin is the major 
flavonoid in the roots. A kaempferol monoglycoside p-coumaroyl ester and related 
compounds were found in the leaves. 
Phenylpropanoid derivatives: Eugenol and 4-methyleugenol, were identified as 
principal odourants of floral fragrance. They are abundant in the pollen and 
responsible for attracting bumblebee, a known pollinator of R. rugosa. 
Phenylpropanoid derivatives: /? -Phenylethyl alcohol is found dispersed from the 
petals and regard as a major contributor to the floral fragrance. (Yasuyuki H., 1996) 
Non-phenolic compounds 
Terpenoids: hemiterpenes, 2-methylbutan-2-ol, and 3-methylbutan-l-ol are 
found in trace amount in the essential oil from the flowers of R. rugosa and in the 
headspace of floral green parts. Terpenoids: Citronellol and geraniol are found in 
more amount in the floral essentilal oil of flowers. (Yasuyuki H., 1996) 
1.3 Secondary metabolites 
Secondary metabolites are by-products produced in organism that are not 
directly involved in the normal growth, development, or reproduction of organisms. 
The number and diversity of secondary metabolites are subjects that have aroused 
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scientists'interest for many years (Goossens et al., 2003). Primary metabolites 
(sugars, amino acids, organic acids) are responsible for guaranteeing that an 
organism has sufficient nutrients and all the means it need to reproduce. Wheras 
secondary metabolites are responsible for interactions between the organism and its 
environment. For example, fugi secret cell-wall-degrading enzymes and toxins, 
which are secondary metabolites to protect themselves against bacteria (Keller et al., 
2005). It is suggested that secondary metabolites are competitive weapons against 
bacteria, fungi, plants, amoebae, insects, etc. Pheromones which is sexual hormone 
are used to facilitate the reproductive processes (Clardy et al, 2004). The most 
studied secondary metabolites 一 phenolic compounds have been related to plant and 
tissue maturation processes and defence mechanisms (Kubo and Matsumoto, 1984). 
They also contribute to sensory characterization of plant-derived food products 
(Cimato et al., 1990). 
Plants produce vast secondary metabolites from carbon dioxide, water, and 
inorganic ions, which are extensively used in the commerce, food and 
pharmaceutical industries. They have long been of prime importance in taxonomic 
research because secondary metabolites are usually restricted to a particular group of 
organisms (Dixon R.A., 2001). 
Secondary metabolites are different from primary metabolites in the way that 
they are generally non- essential for the basic metabolic processes of the plant. 
Actually, in reality there are no clear cut differences between secondary and primary 
metabolism. On the other hand, similar chemical reactions take place. In both cases, 
complex molecules are synthesized from simple precursors by multiple 
enzyme-catalyzed chemical reactions (Dixon R.A., 2001). 
A restricted range of precursors and reactions can give rise to a great variety of 
secondary metabolites. However, a particular plant species can only synthesize a 
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defined and limited range of products. Moreover, genetically related plants produce 
similar secondary metabolites, implying that the differences in secondary metabolites 
owe to natural selection. So, by comparing the secondary metabolite profiles, the 
relatedness of the species can be evaluated (Memelink et al., 2001). 
1.4 Classification of secondary metabolites 
The secondary metabolites derived mainly from two metabolic pathways: 
Acetate-malonate and the shikimic acid pathway. Acetylenic compounds, waxes, 
hydrocarbons, polyketides and naphthoquinones and anthraquinones are derived 
from acetate-malonate pathway; phenylpropanoids, lignin, coumarins, stilbenes and 
flavonoids are derived from shikimic acid pathway. Outline of plant secondary 
metabolism are showed in fig 1.2. 
1.5 Phenolic compounds 
A wide variety of phenolic compounds have been reported to possess potent 
antioxidant, anticarcinogenic, and antimutagenic activities (Chung et al., 1998). All 
plant phenolic compounds arise from the common intermediate, phenylalanine, or its 
close precursor: shikimic acid (Yang C.S. et al., 2001) through two main synthetic 
pathways: the acetate-malonate pathway and the shikimic acid pathway, respectively 
(Ross et. al., 2002). 
1.5.1 Phenylpropanoid compounds 
Phenylpropanoids refer to any compound bearing a 3-carbon chain attached to 
6-carbon aromatic ring (C6-C3 compounds). Enormous phenylpropanoids are 
important in economy and ecology. These compounds act as volatile constituents in 
most of spices and herbs. For examples, eugenol is the major component of oil of 
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cloves and cinnamaldehyde is the principal flavor constituent of oil of cinnamon (fig 
1.3) (Ferrer et al., 1999). 
1.5.2 Lignins 
Lignin (fig 1.4) is the most abundant and widely distributed secondary 
metabolites in higher plants. These compounds are associated with the advent of land 
plant (higher plant), which is neither found in algae nor bryophytes. Lignins 
constitute a group of heterogenous phenylpropane polymers which form lignified cell 
walls within supporting and conducting tissue, e.g. xylem. These tissues allow 
vascular plants to develop into large upright structures. Lignin is always attached to 
cell wall polysaccharides, e.g. cellulose and hemicellulose (Averous, 2004 ).The 
cellulose-hemicellulose-lignin-pectic materials in sapwood and heartwood of woody 
species are always in the ratio of about 4:3:1:0.1. The constituents of lignins are 
always 4-coumaryl, coniferyl and sinapyl alcohols (Mohanty et al, 2000). 
1.5.3 Coumarins 
The basic structure of Coumarin (figl.5) is benzopyran-2-one nucleus which 
derived from cannamic acids (Sammes, 1979). Coumarins, occurs naturally in many 
plants, natural spices, and foods such as tonka bean, cassia cinnamon, melilot (sweet 
clover), green tea, peppermint, celery, bilberry, lavender, honey (derived both from 
sweet clover and lavender), and carrots, as well as in beer, tobacco, wine, and other 
foodstuffs. The average intake from foodstuffs from the diet has been calculated to 
be 0.02 mg/kg/day (Lake, 1999). It is always used as a fragrance enhancer in many 
consumer products (Smyth et al., 2006). 
The plants that are known to contain coumarins has been used for the treatment 
of human disease. There were considerable research showing that coumarins possess 
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anti-coagulant activity (dicoumarol), dermal photosensitizing activity (furocoumarin), 
diuretic acitivity (3,6-dicarboxy-4-hydroxycoumarin esters and 
3,8-dicarboxy-4-hydroxycoumarin esters), hepatotoxic acitivity, 
respiratory-stimulant activity and vasodilatory activity ( Felter et al., 2006). 
1.5.4 Stilbenes 
Stilbenes (trans-1,2-diphenylethylene) (fig 1.6) is the alkene or ethane with 
two phenyl groups on either carbon of the parent chain (Sun et aL,2006). 
The name came from the Greek word stilbos, which means shining. Over 200 
naturally occurring stibenes and stilbene glycosides are found in higher plants and 80 
from liverworts (Jeandet et aL, 1995). The biological functions in plant are associated 
with the resistance against fungal diseases such as Botrytis cinerea and UV 
irradiation. Stilbenes are regarded as phytoalexins which are a group of plant 
chemicals that inhibit the growth and accumulation of microorganisms. The 
para-hydroxylated stilbene, resveratrol, is the most widespread one in nature. It is 
encountered in peanuts, mulberries and grapes (Sun et aL, 2006). 
1.5.5 Tannins 
Tannins (figl.7) are plant polypenols which are astringent (meaning it tightens 
pores and draws liquids out) and have the ability to precipitate protein, carbohydrates 
and other macromolecules. The term tannin refers to the source of tannins used in 
tanning animal hides into leather (Prieur et al.,1994). They can be classified into 
hydrolysable and condensed tannins. Hydrolysable tannins will be hydrolyzed by 
weak acids or weak bases to produce carbohydrate and phenolic acids. While 
condensed tannins (proanthocyanidins) are polymers of 2 to 50 or more flavonoid 
units that are linked by C-C bonds, which will not be hydrolyzed by hydrolysis. Both 
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hydrolysable and condensed tannins are water soluble except for some very large 
condensed tannins. Sources include the bark of oak, hemlock, chestnut, and 
mangrove; the leaves of certain sumacs; and plant galls. Tannin is also present in tea, 
coffee, and walnuts (Cheynier et al., 1992). 
1.5.6 Flavonoids 
The flavonoids (fig 1.8) are polyphenolic compounds, having two benzene 
rings on either side of a 3-carbon ring. 
There is a central oxygen-containing pyran ring, C ring, of different oxidation 
states. It is linked to an aromatic ring (A Ring) with two C-C bonding and to another 
aromatic ring (B ring) with a single C-C bonding. The classes of flavonoids are 
defined by variation in the oxidation state and substitution on C ring. The member of 
the class depends on the substitution pattern on ring B. Substitution patterns that are 
always observed are a hydroxyl at the 4’ with additional functional groups (hydroxy 1 
or methoxyl) substitution at 3'and/or 5'. The "free" flavonoid structure can also be 
substituted further by sugar conjugation on the oxygens functional group; this gives 
rise to a great variety of flavonoids (Waterhouse, 2002). 
At least 4000 naturally occurring flavonoids have been found and described 
and many are common in higher plants. Most of the flavonoids reported in the 
literature are glycones (sugar bonded) but of a relatively small number aglycone 
(non-sugar). Moreover, most of them always serve as pigments and are involved in 
biological interactions (Harborne, 2000). Flavonoids are known to have 
anticarcinogenic, anti-inflammatory, antibacterial, immune-stimulating, and antiviral 
activities (Duarte, 1993 & Gao, 1999). The health promoting effects of flavonoids 
have been attributed to the inhibition of the enzymes involved in signal transduction 
and to their antioxidant properties (Kang et al., 2000). Basically, flavonoids are 
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classified into 6 classes (fig 1.8). 
1.5.6.1 Flavanols 
Flavanols represent a restricted group of flavonoids. They are rich in fruits 
(grapes' seed and skin, apples, cocoa beans, red fruits, etc.) and beverages (coffee, 
tea, wine). These are often specifically called the flavan-3-ols to identify the location 
of the alcohol group on the C ring. Epicatechin(EC), epicatechin gallate (ECG), 
epigallo catechin (EGC) and epigallocatechin gallate (EGCG)( figl.9) are well 
known green tea flavanols. It is reported in literature that they have potent free 
radical quenching and antioxidant activities (Hollman & Katan, 1999) and have 
structural features that may specifically interfere with the arachidonic acid cascade 
that involves the LOX pathway LOX (EC 1.13.11.12) which is a dioxygenase that 
oxygenates PUFA, converting them to hydroperoxides. They have been recently 
known to be widely distributed in plants, animals and microorganisms. Peroxyl 
radical complexes which have been found in the catalytic cycle of LOX serve as 
sources of free radicals (Hong et al., 2001). 
1.5.6.2 Flavonols 
Flavonols are flavonoids with a hydroxyl group attached on C3. Flavonols rarely 
occur in the free state but usually present as O- and C-glycosides. They are found in 
a great variety of vegetables and fruits. This class of flavonoid occurs in a glycoside 
form in plants including skin of grape berries. They only occur in 4 aglycones forms 
in plants, quercetin, myricetin (3'4'5' trihydroxy) and kaempferol (4’ hydroxy) and 
isorhamnetin (fig 1.20) Because of a diverse combination of glycosidic forms, a lot 
of individual compounds present (Bors et al.,1990). 
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1.5.6.3 Flavones 
Flavones with a keto at position 4 in C ring constitute a large number of 
natural products with many medicinal applications. Approximately, 650 known 
flavones arise from flavanones by oxidative processes (Nelson E.K., 1934). Since 
this class of molecules has a broad range of biological activities, it has been 
extensively studied and more than 4000 chemically unique forms have been isolated 
from plants. Commonly occurring in citrus are two polymethoxylated flavones 
(PMFs), tangeretin and nobiletin (Fig 1.11), both present in tangerines sweet orange 
peel {Citrus sinensis) and in bitter orange peel {Citrus aiiranthim) (Benavente-Garci'a 
et al., 1993 & Del Rio, 1993). 
1.5.6.4 Isoflavones 
The structure of isoflavones is similar to flavones except for that B ring is 
bonded to C ring at position 3. Isoflavones are structurally similar to estrogen (fig 
1.12) and are known to exert several estrogen-like biological effects on animals. 
Soybeans and soy foods are especially abundant sources of isoflavones (fig 1.13). 
Many studies have shown that isoflavones exert anti-carcinogenic effects on 
hormone-related diseases including cancer, menopausal symptoms, osteoporosis, etc. 
These effects may be largely associated with the estrogenic or anti-estrogenic 
activities of isoflavones (Kuiper et al., 1996). Genistein is found to pose its 
estrogenic effects by acting as an estrogen receptor (ER) agonist, both in mammals 
and fish proposing that genistein may bind to the ER. Daidzein, glycitein and 
genistein are the three major soy isoflavones existing in its aglycone form, whereas 




Flavanones (2,3-dihydroflavones) are derived from the flavones by elimination of 
the double bond in the central heterocycle. They are fairly widely distributed, but not 
so widely as the flavones and flavonols. All orange-type citrus fruits contain the 
flavanone aglycones hesperetin and naringenin, but they are rarely fonund as free 
aglycones in the fruit itself (Peterson et al., 2006). Citrus flavanone aglycones and 
glycosides are shown in f igl. l4. The main flavanone glycosides in sweet oranges (C. 
sinensis) are hesperidin and narirutin, whereas in sour oranges (C. aurantium) the 
two predominant flavanone glycosides are neohesperidin and naringin ( Bae et al., 
1999). 
1.5.6.6 Anthocyanins 
They are glycosylated polyhydroxyl or polymethoxyl derivatives of 
2-phenylbenzopyrylium (flavylium) cation as a group of natural phenolic compounds 
responsible for the coloring of many plants, flowers, and fruits (blueberries, red 
cabbages and purple sweet potatoes). Anthocyanins (fig 1.15) are the best-known 
natural colorant used in foods (Bridle and Timberlake, 1997). The daily intake of 
Anthocyanins in humans in the United States has been estimated to be 200 mg/day 
(Wrolstad, 2004). The main natural sources of acylated anthocyanins are red radishes 
(Giusti and Wrolstad, 1996), red potatoes (Rodriguez-Saona et al., 1999), red 
cabbages (Dyrby et al., 2001), and black carrots (Stintzing et al, 2002). The color is 
based on the fully conjugated 10 electron A-C ring ？r-system, with some contribution 
by the B ring as well. 
Its aglycone form is anthocyanidin (fig 1.15). However, anthocyanidins are in 
trace quantities in fruits, because they are unstable. There are five basic 
anthocyanidins in plants: cyanidin, peonidin, delphindin, petunidin and malvidin. 
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”Anthocyanin"(fig 1.15) implies a glycoside. At the six-hydroxyl of the glucose, acyl 
substitution is also found, with ester linkages connecting either an acetyl group, a 
coumaryl group, and a small amount of caffeoyl substitution is also observed 
(Waterhouse,2002). 
In the pH range between 1 to 5, the molecules exist in equilibrium between the 
flavylium cation and the pseudobase form (f igl . l6) (Stintzing et al., 2002). 
The pseudobase begins to produce colourless chalcones which will be in 
equilibrium with quinodal base forms of the molecule at a higher pH (fig 1.16) 
(Stintzing et al., 2002). 
Anthocyanins are involved in a wide range of biological activities including 
antioxidant, anti-inflammatory, and anti-carcinogenic activities; they may also have 
neuroprotective actions. They may be able to reduce the risk of coronary heart 
disease through vasoprotective activities, effects on arterial vasomotion, and 
inhibition of platelet aggregation (Wrolstad, 2004). 
1.6 Oxidative Stress 
1.6.1 Diseases related to ROS 
Oxidative stress causes oxidative damage to tissues and cells, which has been 
widely known as a key factor for the development of many human diseases 
(table 1.1). Oxidative stress is always referred to Reactive Oxygen Species (ROS) 
which has been explosively studies for the last two decades (Valko, 2004). There are 
many types of ROS present in nature (table 1.2). 
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1.6.2 Significant chemical or biochemical conversion of ROS 
a. Superoxide anion is decreased by a dismutation reation which is catalyzed by SOD 
enzymes (Desideri & Falconi, 2003). 
SOD 
202- + 2H+ — H2O2+O2 (1.1) 
b. Fe(II) participates in the Fenton reaction, generating highly reactive hydroxyl 
radical (Liochev & Fridovich,1994). 
Fe(II) + H2O2 — Fe(III) + 'OH + OH— (1.2) 
c. Catalase located in a cell organelle called the peroxisome catalyzes the conversion 
of hydrogen peroxide to water and oxygen (Mates et al., 1999). 
catalase 
2H2O2 2H2O +02(1.3) 
d. Glutathione peroxidase (GPx) degrades peroxides to water (or alcohol) while 
simultaneously oxidising GSH (GSSG) (Mates et al., 1999): 
GPx 
2GSH + H2O2 -> GSSG + 2H2O (1.4) 
GPx 
2GSH + ROOH + GSSG + ROH + H2O (1.5) 
e. The superoxide radical involves in the Haber-Weiss reaction (Leonardet al., 2004). 
(V— + H2O2 — O2 + 'OH + OH" (1.6) 
f. Reduction of Fe(III) by superoxide, generating Fe(II) and oxygen 
(Leonard et al, 2004). 
Fe(III) + O2"" Fe(II) + 02(1.7) 
14 
1.6.3 Sources of ROS 
ROS is generated in our bodies both endogenously and exogenously. In 
human bodies, the endogenous sources include mitochodria, cytochrome P450 
metabolism, peroxisomes, Microsomes , and inflammatory cell activation ( Loschen 
and Flohe, 1971). Mitochondria have long been well-known to produce enormous 
amount of hydrogen peroxide. Microsomes derived from endoplasmic reticulum 
contains cytochrome p450 (CYP) enzymes involved in oxidative metabolism are 
responsible for the 80% H2O2 concentration produced in vivo at hyperoxia sites 
(Gupta et al., 1997). Peroxisomes (ubiquitous organelles in eukaryotes) are known to 
produce H2O2 under physiologic conditions. On the other hand, exogenously, 
environmental agents called xenobiotics including non-genotoxic cancinogens can 
directly or indirectly induce ROS in cells. These xenobiotics involve chlorinated 
compounds, metal ions (redox and non-redox). Superoxide anion arises either from 
mitochondria and irradiation (Valko et al, 2004). 
1.7 Natural dietary antioxidants 
1.7.1 Vi tamin C 
It works in aqueous environments in our bodies, like in the lungs and in lens of 
the eye. It cooperates with Vitamin E in the way that it regenerates a-tocopherol from 
a-tocopherol radicals in membranes and lipoproteins (Kojo, 2004). Vitamin C also 
called ascorbic acid which occurs naturally in 4 chemical forms. 99.9% of it is 
present as AscH", and only 0.05% as AscH2 and 0.0004% as at physiological 
pH. ROS attacks AscH— converting it into AscH* (fig 1.17) (Kasparova et al., 2005). 
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1.7.2 V i tamin E 
Vitamin E is a fat-soluble vitamin that occurs in eight chemical forms. 
a-Tocopherol (fig 1.17) is the most active form in humans and it is key and powerful 
membrane-bound antioxidant (Burton and Ingold, 1989). Is main role is to protect 
cell membrane from lipid peroxidation (Pryor, 2000). It has demonstrated 
epidemiologically that the intake of 200IU/day reduces the incidence of colorectal 
cancer by triggering apoptosis of cancer cells. The main sources of vitamin E in food 
are vegetable oils, wheat germs, fish, soybeans, nuts, etc. (White et al., 1997). 
1.7.3 Carotenoids 
They occur in nature over 600 chemical forms, most of which are pigments 
found in plants and microorganisms. The antioxidant activity of carotenoids arises 
preliminarily as the ability of the conjugated double-bonded structure (fig 1.17) to 
delocalise unpaired electrons (Mortensen et al., 2001). There are 3 mechanisms 
proposed for the reaction of free radicals such as ROO' and R* with carotenoids. 
They are radical addition, hydrogen abstraction from the carotenoid and 
election-transfer reaction (El-Agamey et al., 2004). 
1.7. 4 Phenolic compounds 
They act as antioxidants by terminating free radical chains and chelating the 
redox-active metal ions (fig 1.18) that are capable of catalyzing the formation of 
hydroxyl radicals from hydrogen peroxide and lipid peroxide. Phenolic compounds 
deplete free radicals by the rapid donation of hydrogen atom, e.g. 
ROO" + PhOH -> ROOH + PhO" (1.8). The ultimate phenoxyl radicals (PhO’）are 
relatively stable so they will not cause further free radical propagation. In nature, 
numerous flavanoids are ideal scavengers of peroxyl radicals owing to their 
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favourable reduction potentials relative to alkyl peroxyl radicals. The presence of a 
B-ring catechol group of flavonoids confer them the ability of hydrogen donation to 
stabilize free radicals. (RiceEvans et al., 1996). Furthermore, the presence of both 
hydroxyl groups of ring-B and the 5-hydroxy group of ring-A confer flavonoids the 
ability to chelate redox-active metals and thus prevent catalytic breakdown of 
hydrogen peroxide. 
1.8 Cancinogenesis 
Cancer is a growing health concern around the world. According to the a 
current report by the World Health Organization (WHO), more than 10 million cases 
of cancer arises per year worldwide nowadays (Hussain et al., 2003). Viruses, 
chemical carcinogens, chromosomal rearrangement, tumor suppressor genes, or 
spontaneous transformation have been implicated in the cause of cancer. 
Carcinogenesis is a complex multi-sequence process posing a cell from healthy 
to precancerous state and eventually to the early stage of cancer (Trueba, 2004). 
There are several theories of carcinogenesis in which the "initiation-promotion-
progression，，model (fig 1.19) has been well accepted. The initiation involves a rapid 
and irreversible non-lethal mutation in DNA caused by ROS (such as hydroxyl 
radicals). The altered cells are followed by at least one round of DNA synthesis to fix 
the damage (e.g. 8-OH-G) produced during the initiation (Guyton & Kensler，1993). 
The promotion stage is characterized by the clonal expansion of initiated cells by 
inducing cell proliferation or depressing apoptosis. This is reversible and relatively 
lengthy since continuous presence of tumour promotion stimulus is dose-dependently 
required. A low level of oxidative stress is a kind of promotion factors. Progression 
is the final stage of the carcinogenesis process, in which preneoplastic progress to 
neoplastic state. Accumulation of additional genetic damage occurs, leading to the 
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transition of the cell from benign to malignant state. Once the progression occurs, the 
cells become irreversible. This stage will be accompanied by angiogenesis which 
stands for the generation of new blood supplies that feed the tumour (Klaunig & 
Kamendulis, 2004). 
1.9 Cell cycle 
1.9.1 Cell cycle of eukaryotic cells 
The cell cycle is the cycle of events in a eukaryotic cell afther one mitotic 
division to the next. The cycle is traditionally divided into Go, Gi (G stands for gap), 
S (synthesis phase during which the DNA is replicated), G2 and M (mitosis). One 
cycle may complete in less than 1 hr and others take several days (Gould and Keeton, 
1996). 
Interphase including Gi, S and G2 occupies usually 90% of the cycle (fig 1.20). 
In the Go phase, the cells exist in a quiescent state (non-dividing). Gj and G2 phase 
are the growth phases; During Gi nucleoside kinases (for synthesing nuceotide) are 
synthesied; During S phase, DNA replication takes place; During M phase, the 
establishment of nuclear membranes around the two daughter nuclei takes place, 
normally followed immediately by cell division (cytokinesis). The chemicals inside 
cytoplasm that control the cell cycle are called cyclins. S-cyclin stimulates DNA 
replication while M-cyclin trigger mitosis. These two cyclins can bind to the same 
cell-division-cycle protein (cdc) which eventually activate a cellular messenger 
specific for either replication or mitosis (Gould and Keeton, 1996). 
1.9.1 Checkpoints of cell cycle 
A surveillance system is seeded in cell cycle (called checkpoints) for 
monitoring DNA damage and failure to perform critical processes in cell cycle. 
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Checkpoints will block the cycle i f certain conditions are changes. For example, the 
spindle checkpoint blocks the transition from metaphase to anaphase in mitosis once 
not all chromosomes are attached to the mitotic spindle so the cell stops dividing. 
There is a checkpoint protein called p53 which acts to accept signals provoked by 
DNA damage. P53 is a tumour-suppressor protein that induces apoptosis in response 
to DNA damage oncogenic stress (DNA damage). Malignant progression is 
dependent on loss of p53 function (Gould and Keeton, 1996 & Vousden and Lu, 
2002). The p53 has been found to permit passage through both Gq/Gi and G2/M 
(Agarwal e al.,1995). In addition, overexpression of p53 is found to inhibit cellular 
proliferation (Michalovitz et al., 1990) and activation of p53 triggered by DNA 
damage was shown to induce cell cycle arrest (Kastan et al., 1991). Bcl-2 family of 
proteins are significant regulators in the apoptotic pathway (Yin et al., 1994). Bcl-2 is 
an upstream effector molecule in the apoptotic pathway and is found to be a 
important suppressor of apoptosis ( Hockenbery et al., 1993). Moreover, Bcl-2 is 
found at abnormally high levels in more than half of all cancer cells (Reed, 1995). 
1.10 Cancer cell lines 
Four human cancer cell lines were selected for our antiproliferative studies, 
including liver cancer cells (HepG2), breast cancer cells (MCF-7), skin cancer cells 
(A-375), and colon cancer cells (Colo 201). These human cancer cells posses 
unlimited proliferative capacity, may due to the reactivation of telomerase that 
stabilize telomere length, compensating for the cell division-related telomere erosion 
that lead to replicative senescence (Counter et al., 1992); Telomerase is a cellular 
RNA-dependent DNA polymerase that serves to maintain the tandem arrays of 
telomeric TTAGGG repeats at eukaryotic chromosome ends (Morin, 1989); 
Telomerase activity has been demonstrated in immortalized cell lines and in 80-90% 
19 
of human cancer specimens representing a range of cancer types, and in most normal 
human cells, telomerase activity is low or not detectable (Counter et al., 1994). 
Skin cancer (Melanoma) accounts for 95% of all deaths from skin disease; the 
incidence of melanoma is increasing (Osborne, 2002). Skin cancers are potentially 
lethal cancers that arise from pigment-producing melanocytes. Breast cancer is the 
most frequently diagnosed malignancy among women, with an approximate 
incidence of one million new cases worldwide annually. Colon cancer is the fourth 
most common cancer in Canada and the second leading cause of cancer deaths. It is 
estimated that about 145,000 new cases of colorectal cancer are diagnosed annually 
in the United States, with an associated 56,000 deaths expected in 2005. Colorectal 
cancer (CRC) is one of the most common forms of neoplasia in Western industrial 
countries, accounting for over 10% of all cancers. In Canada, it is estimated that 
19,600 cases of colorectal cancer will be diagnosed in 2005, with an associated 8400 
deaths (Brosseuk et al., 2006). Liver cancer is one of the most common malignant 
tumors in the tropics and Far East countries (Biscegli et al., 1988). 
The reason why these cancer cell lines were selected for my research was: the 
occurrence of these cancers is dreadfully prevalent in the world, and nowadays, 
people are looking for natural chomopreventative foods; flower tea may be that 
candidates. 
1.11 The growth phases of cancer cell lines 
The growth phases can be divided into lag phase, log phase, and plateau phase. 
For the lag phase, it is the time follows passage and resseeding cells into a new 
flask (new environment). This is a period where the cells attach themselves to the 
flask surface, adapting to new environment, and preparing growth enzymes—DNA 
polymerase and many structural proteins. 
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For log phase, it is the period of exponential growth in cell number, the largest 
phase of cell growth which starts after the lag phase and continues until one to two 
doublings after confluency is reached. The length of this period is dependent on the 
seeding density. During this period, the growth fractition of the cells is usually high 
(08-90%) render it reproducible of cell cycle, i.e. the cells is at their most uniform 
and viability is high. 
For the plateau phase, this period indicates the end of log phase; the available 
surface area has been occupied and the cells are in contact with each other. So the 
growth rate diminishes obviously and in turn ceases. 
When using cell culture for antiproliferative studies, it is important to ensure 
the cells enter the log phase. 
1.12 Ant iprol i ferat ive effects of phenolic compounds 
There has been a global trend toward the use of bioactive compounds found in 
plant such as fruits, vegetables, and herbs as cancer chemopreventative or therapeutic 
agents (Pezutto, 1997). Most of these compounds exert their chemotherapeutic 
effects by blocking the cell cycle progression and initiating apoptosis (Smets, 1994). 
Flavonoids exert astonishing wide array of biological activities regulating basic cell 
functions, like growth, differentiation, and apoptosis (Formica et al., 1995). 
Numerous studies have revealed that flavonoids inhibit PI3-kinase, protein kinase C, 
protein tyrosine kinase, and some transcription factors, all of which leads to cell 
growth arrest or/and apoptosis (Kuo, 1996). Flavonoid, such as rapamycin, inhibits 
human telomerase activity by depleting its subunit telomerase mRNA levels; cancer 
cells are dubed immortal because telomerase activity allows them to divide forever; 
the immortality conferred by telomerase is necessary for cancer development 
(Bae-Jump et al., 2006). 
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1.13 Genotoxicity of phenolic compounds 
Flavonoids, such as quercetin and aglycone of rutin, have been recognized as a 
mutagen (changing the genetic information). Studies with mice have found that 
quercetin may have tumorigenic activity. More than 2000 phenolic compounds have 
been examined; about 30 have been shown to be genotoxic in the Ames test 
(MacGregor, 1984) or exhibit carcinogenic activity at high doses in animal systems 
(Stich & Rosin, 1984). Some tannins are carcinogens in rats at high concentrations, 
and lead to chromosome damage that is associated with inhibition of topoisomerase 
II enzyme ( Kirby, 1960). Chlorogenic acid and caffeic acid are mutagenic active in 
bacterial assays (MacGregor & Jurd, 1978). Phenolic compounds in coffee and tea, 
tannins in wine and fruit juices and areca nuts — both possess mutagenic and 
clastogenic activities (Khan et al., 1988). Penolics compounds such as: hydroquinone, 
pyrogallol, gallic acid, pyrocatechol, vanillic acid, ferulic acid, eugenol, and caffeic 
acid produce sister-chromatid exchanges and DNA strand breaks (Stich, 1991). 
Phenolic compounds are responsible for the generation of reactive metal ion by 
iron- and copper-catalyzed autooxidation, resulting in formation of mutagenic 
hydroxyl radicals (equation 1.9, 1.10 and 1.11) (Leonard et al., 2004). 
Ph(OH)nOH + Cu2+ + Ph(0H)n0' + Cu+ +H+ (1.9) 
2Cu +O2 + H2O2 + 2Cu^(1.10) 
CU++H2O2 + CU2++ -OH + OH-Cl.ll) 
Another mechanism by which phenolic compounds exert genotoxicity is their 
initial oxidation to phenoxyl radicals by peroxides (e.g., myeloperoxidase and 
lactoperoxidase); the phenoxyl radicals then oxidize glytathione to its thiyl radical 
(GS'); GS' then combines with the parent thiol ate anion (GS'), forming the 
glutathione disulfide radical anion (GSSG*"), which is a very powerful one-electron 
reductant, activating molecular oxygen to ROS, such as hydrogen peroxide and 
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superoxide anion radicals; These ROS can progress to mutagenic hydroxyl radicals 
in the presence of reactive metal ions (Burkitt, 2001). 
1.14 Objectives 
The objectives of the research are to evaluate, (1) the antioxidant activities of 
the seven flower extracts, (2) the total phenolic and flavonoid contents of the seven 
flower extracts, (3) the correlation of phenolic contents/flavonoid contents with 
respect to antioxidant activities, (4) the antiproliferative activities of the flower 
extracts on human cancer cell lines, (5)the correlation of phenolic contents/ flavonoid 
contents/antioxidant activities with respect to the antiproliferative activities, (6) the 
genotoxicity of the flower extracts, and (7) the health promoting dose of flower 
herbal teas. 
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Gomphrena globosa (千曰红) Rosa rugosa (糸工攻瑰） 
mm 
Limonium sinuatum (S.'SS；) Matthiola incana (；^糸隹 
_ 量 
Hibiscus sabdariffa (、洛字申花) Tropaeolum majus L.(金蓮花) 
Lavandula officinalis (薫衣草) 
Figure 1.1 The seven dry flowers studied in this project 
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Figure 1.2 Overview of plant secondary metabolism (Seigler, 1998) 
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Figure 1.3 Phenylpropanoids 
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Figure 1.4 The structure of Lignin (Digabel & Av細us, 2006) 
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Basic structure of Coumarin 
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Figure 1.5 The structure of Coumarin 
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Figure 1.6 The structure of Stilbene 
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Figure 1.10 Common flavonol aglycones encountered in plants 
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Figure 1.11 Flavones 
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Figure 1.12 Chemical structures of estradiol-17p and the two principal isoflavones 
found in soybeans (Tikkanen & Adlercreutz, 2000) 
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Figure 1.13 Chemical structures of three major soy isoflavone aglycones and their 
respective glucosides (Rabhakaran et al., 2006) 
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Figure 1.14 Common citrus flavanone aglycones and glycosides. 
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Figure 1.15 Anthocyanidins & anthocyanins (Waterhouse, 2002) 
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Figure 1.16 Chemical forms of anthocyanins at different pH 
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Figure 1.18 The metal ion chelating properties of flavonoids — quercetin 
(Valko et al, 2006) 
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Figure 1.19 Stages of carcinogenesis (Valko et al., 2006) 
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Figure 1.20 The four phases of cell cycle (24 hrs cycle) 
Table 1.1 Conditions related to oxidative damage (Jacob, 1995) 
Cancer Aging 
Arthritis and inflammatory disease Parkinson's disease 
Shock, trauma, and ischemia Neonatal lipoprotein oxidantion 
Cataracts Pulmonary dysfunction 
Diabetes Drug reactions 
Renal disease and hemodialysis Inflammatory bowel disease and colitits 
Antherosclerosis Skin lesions 
Multiple sclerosis Drug reactions 
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Table 1.2 Diversity of ROS (Jacob, 1995) 
Chemical name Common name Half-life(37°C) 
HO* hydroxyl radical 1 nanosecond 
HO2* hydroperoxyl radical unstable 
02._ superoxide anion radical Enzymatic 
'O2 singlet oxygen 1 microsecond 
RO* alkoxyl radical 1 microsecond 
ROO* peroxyl radical 7 seconds 
NO Nitrite oxide radical 1-10 seconds 
H2O2 hydrogen peroxide stable 
HOCl hypochlorous acid stable 
* ROS include both free radicals (molecules containing one or more unpaired 
electrons) and non free radicals 
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Chapte r 2 Methods and Mater ia ls 
2.1 Extraction of active substances 
The dry flowers of Gomphrena globosa (千日糸工），Hibiscus sabdariffa (�洛神 
Lavandula officinalis ( H ^ ^ ) , Limonium sinuatum Matthiola incana 
(紫羅蘭)，Rosa rugosa (糸工玫瑰花)，Tropaeolum majus (金蓮花)were immersed in 
100°C water at a ratio 1:100 (w/v) for 1 h. The mixture was filtered using suction 
filtration using filter papers (Whatman filter papers type:No. 1). The filtrate was then 
centrifuged at lOOOrpm for 10 minutes in room temperature (Eppendorf 5804). The 
residue was then discarded. The liquid was then lyophilized (Labconco). Eventually, 
the flower tea water extracts were transformed into powders which would be used for 
various kinds of assay. 
2.2 Determination of antioxidant activities by TEAC assay 
The free radical scavenging abilities of the flower tea extracts were estimated 
by the TEAC assay (Miller et al.,1993). TEAC represented the relative ABTS + 
scavenging ability of trolox (6-hydroxy-2,5,8-tetramethyl-chroman-2-carboxylic acid, 
a water-soluble vitamin E analogue) to the sample and was expressed as g trolox 
equivalent (TE) per 1 g P or DW. ABTS.+ was prepared by passing a 5 mM aqueous 
stock solution of ABTS (2,2'-azinobis-3-ethylbenzothiazoline-6-sulphonic acid 
diammonium salt) through manganese dioxide (MnO!) with Whatman filter papers 
(No. 1). The stock solution was then filtered by a 0.2|liM Whatman PVDF syringe 
filter. The working solution was prepared by diluting the stock solution with a 5 mM 
PBS at pH 7.4 to an absorbance of 0.7 (士 0.02) at 734nm. It was pre-incubated at 
30°C prior to use. Working ABTS.+ solution should be freshly prepared. A 62.6 
mg/ml trolox stock solution was prepared by dissolving trolox powder in PBS. 
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Ultrasonication was required to dissolve the crystals of trolox. Working trolox 
solution was freshly prepared by diluting the stock solution to several concentrations. 
Al l flower extracts were prepared in different concentrations in triplicate. After 
addition of 50)^ 1 Trolox or flower extracts to aliquots of 1ml of ABTS.+ solution, 
each solution was vortexed for exactly 30s to mix the solution. The absorbance was 
taken at 734nm with a Milton Roy Spectrophotometer at 30°C at the beginning of 
mixing and after 6 minutes. PBS blanks ran in each assay. When being scavenged, 
ABTS.+ would be decolorized leading to a decrease in absorbance at 734nm. ABTS.+ 
scavenging ability (%) = (initial Abs — final Abs)/initial Abs x 100% (2.1). 
Dose-response curve for trolox was obtained by plotting ABTS.+ scavenging ability 
(%) against each concentration. TEACs of flower extract, directly proportional to 
antioxidant activities, was found in the standard curve. 
2.3 Determination of hydroxyl radical scavenging activity by the deoxyribose 
assay 
The principle of this assay is based on the hydroxyl radicals generated by a 
mixture of Fe3+ ascorbate, and H2O2 in the presence of a slight molar excess of 
EDTA over the Fe^ "^  salt. The *0H attacks the deoxyribose and triggers a series of 
reactions that finally results in the formation of MDA which is measured as a pink 
MDA-TBA chromogen. The extent of depletion of the intensity of pink color indicats 
the hydroxyl radical scavenging ability (Halliwell et al., 1987). DMSO, which has a 
great scavenging power against hydroxyl free radical, is used as standard. The 
chemical equation was shown here: 0H+(CH3)2S0-^CH3S02H(I)+CH3 (2.2). 
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Chemicals and Reagents 
1. IX PBS (pH 7.4) diluted ten times from lOX (0.58M Na2HP04, 0.17M 
NaH2P04H20, 0.68M NaCl in deionized H2O) 
2. 2.5mM 2-deoxyribose (0.034g in 100ml PBS) 
3. 200mM iron(III) chloride (Riedel-De Haen) (0.032g in 100ml deaerated water) 
(freshly prepare^ not to expose to light) 
4. 208mM EDTA (Sigma) (0.07742592 in 100ml PBS) 
5. l.OmM ascorbic acid (Sigma) (lOmM solution:0.1761g in 100ml deaerated water, 
then make a 10 fold dilution to obtain l.OmM solution) 
6. O.IM H2O2 (AnalaR) (1.046g 30% H2O2 solution in 100ml deaerated water, 
freshly prepare) 
7. 2.8%(w/v) cold trichloroacetic acid (TCA) (Sigma) 
8. 1% thiobarbituric acid (Sigma) (TBA) (freshly prepare) 
9. Sample: dissolve in PBS/d H2O for all extracts since MeOH can scavenging the 
radical also) DMSO (Riedel-De Haen) is used as standard. 
Procedures 
The assay was started by addition of 0.1ml standard or sample into 690|LI1 
2-deoxyribose. Then lOOjul of iron(III) chloride EDTA mixture prepared by mixing 
equal volume of 2.0mM iron(III) chloride and 2.08mM EDTA was added to the 
2-deoxyribose mixture. 100|ul l.OmM ascorbic acid and lOjul 0.1m H2O2 were then 
added. After incubation at 37。C for 10 minutes, 1.0ml cold 2.8% TCA (fridge) was 
added to the mixture, and in turn 0.5ml 1% TBA was added. The mixture was boiled 
at 100°C for 8 minutes. After cooling down, it was measured at 532nm. When 
hydroxyl radical was scavenged, absorbance taken at 532nm depleted. Hydroxyl 
radical scavenging activity (%) = [l-(Abs in the presence of sample/Abs in the 
absence of sample)] x 100% (2.3). 
4 2 
Hydroxyl radical scavenging activity (%) was plotted against different 
concentrations of flower tea extracts. IC50, which was inversely proportional to the 
antioxidant activity, could be deduced from the dose response curve. 
2.4 Determination of phenolic contents by Folin-Ciocalteu assay 
The phenolic content was determined with Folin-Ciocalteu reagent using the 
method of Singleton and Rossi, 1965. Total phenolic was expressed as g catechin 
equivalent (CE) per 1 g P or DW. 
Chemicals and Reagents 
1. Catechin solution of different concentrations in distilled water (Sigma) 
2. Flower extracts of different concentrations in distilled water 
3. 10-fold distilled water diluted Folin Reagent (Sigma) 
4. 7.5% sodium carbonate (RDH) solution in distilled water 
Procedures 
Catechin (0.2ml) or flower extracts (0.2ml) was mixed well with 1.0ml folin 
reagent followed by 0.8ml sodium carbonate solution. After standing at room 
temperature for 30 minutes, absorbance at 765nm was taken using the 
spectrophometer (Milton Ray, Spectronic Genesys 5). Standard curve of catechin was 
plotted as absorbance against concentrations. CE of flower extraction powder was 
deduced from the standard curve. 
2.5 Determination of total flavonoid by aluminum chloride colorimetric assay 
Aluminum chloride colorimetric method (Zhuang et al., 1992) was employed 
for the Determination of total flavonoid. It depends on the formation of brown 
flavonoid aluminium complex. The flavonoid contents was expressed as g catechin 
equivalent (CE) per 1 g P or WE. 
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Chemicals and reagents 
1. NaN02(l:20) 
2. A lC l3( l :10) 
3. Seven flower tea extracts of different concentrations in distilled water 
4. Standard (catechin) of different concentrations in distilled water 
Procedures 
100 |il/well flower extracts and catechin of different concentrations were 
dispersed into 96-wells MP. 20|Lil/well of NaNO: was then added. 80 |Lil/well of AICI3 
was added five minutes later. The mixture was mixed well by pipetting up and down. 
The absorbance at 510nm was taken against the blank containing distilled water 
using 96-well microplate spectrophotometer (SpectroAmaxTM 250). Standard curve 
of catechin was plotted as absorbance against concentrations. CE of flower extraction 
powder was deduced from the standard curve. 
2.6 Determinat ion of oxidative DNA damage by comet assay 
The assay was employed to determine the hydrogen peroxide induced damage 
of DNA. The comet assay is based on the alkaline lysis of labile DNA at sites of 
damage. The unwound, relaxed DNA is able to migrate out of the cell during 
electrophoresis and can be visualized using nucleic acid stain. Cells that have 
accumulated DNA damage appear as fluorescent comets with tails of DNA 
fragmentation or unwinding. On the other hand normal undamaged DNA does not 
migrate far from the origin. Comparing the tails, the oxidative DNA damage can be 
deduced (Collins et al., 1999) Comet Assay kit was purchased from Trevigen for this 
assay. Before the comet assay, the blood cells were treated in different conditions. 
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Chemicals and Reagents 
1. IX Dulbecco's PBS, Ca^^ and Mg2+ free 
2. Lysing solution: lysing solution (provided) + 4ml DMSO (Riedel-De Haen) 
Chilled at 4°C, or on ice, for at least 20 minutes before use 
3. Comet LMAgarose (provided) 
The Comet LMAgarose was ready to use once molten. Loosen the cap to allow for 
Texpansion then heated the bottle in a 90-100°C water bath for 5 minutes, or until 
the agarose was molten. Placed the bottle in a 37oC water bath for at least 20 
minutes to cool. The LMAgarose would remain molten at 37oC for sample 
preparation indefinitely. 
4. Alkaline Solution, pH>13 : 0.6g NaOH Pellets (Riedel-De Haen) + 250fil 200mM 
EDTA (provided), 49.75ml cfflbO 
5. Alkaline Electrophoresis solution pH>13 (300mM NaOH, ImM EDTA) 
For 1 liters of electrophoresis solution: 12g NaOH pellet + 2ml 500mM EDTA 
(Sigma) (pH8) + up to 1 liter dHiO 
6. SYBR Green I Staining Solution 
10ml TE Buffer, pH7.5 (lOmM Tris-Cl) (J.T.Baker), ImM EDTA (Sigma))+ 1 
SYBR Green I(provided) 
7. H2O2 (lOmM) ( Riedel-De Haen) 
8. Preparation of blood 
In a heparin treated tube, 0.5ml of whole blood was collected from male ICR mice 
of 7-8 weeks old and kept on ice until processed. 
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Cell Preparat ion 
Heparin treated 1ml whole blood (ICR) was diluted with IX PBS (GIBCO). 
Aliquots of 0.5 ml mixture in eppendorf was centrifuged in centrifuge 5402 at 1200g, 
20°C for 10 minutes. The supernatant was poured out and 0.95ml PBS was added. 
A. Pre-incubation system 
The blood was treated as below: 
Treatment Control -ve +ve Sample conc. 
control control (0 .25mg/ml) (0 .5mg/ml) (0 .75mg/ml) 
Blood 400|al 300^1 300|al 300|al 300|LI1 300|LI1 
Sample 20|al 40|al 60 | i l 
H2O2 
( I m M ) 
PBS 60|al lOOial 80|al 60|al 40^il 
Vitamin C 40|LI1 
( I m M ) 
After incubation for 30 minutes, the mixture was centrifuged at 1200g, 20°C 
for 10 minutes. Then the supernatant was poured out followed by adding PBS. The 
mixture was treated as below: 
Treatment Control -ve +ve Sample conc. 
control control 0.25 (mg/ml) 0.5 (mg/ml) 0.75 (mg/ml) 
H2O2 40|LI1 40^1 40|LI1 40|al 40|LI1 
( I m M ) 
PBS 400|al 360|al 360^1 360| i l 360|LI1 360 | i l 
The mixture was centrifuged at 1200g, 20。C for 10 minutes. Then the 
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supernatant was poured out followed by adding of 500|il PBS. 
B. Coincubat ion system 
Treatment Control -ve +ve Sample conc. 
control control 0.25mg/ml 0.5mg/ml 0.75mg/ml 
Blood 400|il 300|al 300|il 300|LI1 300|il 300|il 
Sample 20|al 40|li1 60|dl 
H202 (lmM) 60|LI1 40^1 40|il 40|il 40^1 
PBS 60|LI1 40|il 20|LI1 
Vitamin C 40|il 
(ImM) 
The mixture was centrifuged at 1200g, 20。C for 10 minutes. Then the supernatant 
was poured out followed by adding of 500|LI1 PBS. 
Viabi l i ty determinat ion 
Place 0.2 ml suspension of treated cell into 0.5 ml trypan blue solution diluted 
by adding with 0.3 ml PBS. Drops of cell was placed on slide and then covered with 
coverslip. Cells were observed with inverted microscope. 100 cells were scored for 
viable cells (transparent) or dead cells (blue). % viability = (Viable cell / Total cell 
counted) x 100 (2.4). The %viability of blood cells should be greater than 90% prior 
to comet assay. 
Comet assay 
Comet assay was performed using Comet assay Kit by Trevigen. The treated 
cells was combined with molten LMAgarose (provided) (at 37°C) at a ratio 1:10(v/v) 
and immediately pipetted 75|LI1 onto Cometslide. The agarose/cell was spread out to 
ensure the complete coverage of the sample area. The slides were placed at 4°C in the 
dark (e.g. place in refrigerator) for 10 minutes. A 0.5mm clear ring appears at edge of 
Comet Slide area. (Increasing gelling time to 30 minutes improves adherence of 
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samples in high humidity environments). The slides were immersed in prechilled 
lysis solution (provided) and leaved on ice, or at 4 for 30minutes(the cell 
membranes was lysed) Excess buffer was tapped off from the slides and then 
immersed in freshly prepared Alkaline solution, pH>13 (cellular proteins were 
removed, leaving the DNA as "nucleoids"). The slides were left in Alkaline solution 
for 30 minutes at 4 in the dark. The slides were transferred from Alkaline 
Solution to a horizontal electrophoresis apparatus. The slides were placed onto a gel 
tray and align equidistant from the electrodes. The alkaline electrophoresis solution 
was carefully poured until level just covers agarose/cell area. The voltage was set 1 
Volt/cm. Buffer was added or removed until the current became approximately 
300mA and perform electropherosis for 20-40 minutes. Excess electropherosis 
solution was gently tapped off, rinsed by dipping several times in dHiO, then 
immersed the slides in 70% ethanol for 5 minutes. The slides were air-dried. 
Quantif ication of DNA Damage 
The agarose/cell was stain with 50|il SYBR Green staining solution. The DNA 
damage was evaluated by visualizing at 200x magnification using a fluorescence 
microscope (Nikon, Eclipse E-600) with an excitation filter of 460nm to 495nm. 
Fifty cells per slide were selected at random and their Mean Oliver Tail Moment 
(M.O.T.M.) was determined using an image analysis system (Komet 3.1 from 
Kinetics Imaging Ltd., Liverpool) linked to a CCD (Hitachi, KP-MIE/K 
monochrome CCD camera). Mean Olive Tail Moment was automatically calculated 
for each cell. 
(Tail mean - Head mean) 
Mean Olive Tail Moment 二 x 100 (2.5) 
Tail % DNA 
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Statistical Analysis 
Each treatment, in which 50 blood cells were analyzed, was carried out in 
duplicate, and the results were presented as means 土 SD. The variability between the 
controls and the various treatments were investigated by one-way AN OVA together 
with Tukey's method using SPSS software. Differences with p<0.05 were considered 
statistically significant. 
2.7 Cell Lines Propagation 
The human cell lines were selected for antiproliferative studies included liver 
cancer cells-HepG2 (HB-8065), breast cancer cells -MCF7 (HTB-22), skin cancer 
cells- A-375 (CRL-1619), colon cancer cells-- Colo 201(CCL-224)and normal skin 
fibroblast Hs68 cells (CRL-1635). Al l the cell lines were purchased from ATCC. 
HepG2 and MCF-7 were cultured in RPMI-1640 supplemented with 2.01g/L 
sodium bicarbonate and 2mM L-glutamine; Colo201 in RPMI 1640 medium with 2 
mM L-glutamine adjusted to contain 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 10 
mM HEPES, and 1.0 mM sodium pyruvate, 90%; fetal bovine serum, 10% ； A375 in 
Dulbecco's modified Eagle's medium with 4 mM L-glutamine adjusted to contain 1.5 
g/L sodium bicarbonate and 4.5 g/L glucose, 90%; fetal bovine serum, 10%; Hs68 in 
Dulbecco's modified Eagle's medium with 4 mM L-glutamine adjusted to contain 1.5 
g/L sodium bicarbonate and 4.5 g/L glucose, 90%; fetal bovine serum, 10%. Al l the 
medium completed by adding with 10% heat-inactivated FBS, 1% penicillin and 
streptomycin solution and 0.1% fungizone. The cancer cells were propagated in 
different types of culture flask according to their adhesiveness to the bottom surface. 
Al l the adhesive cells-- HepG2, MCF-7, A375 and Hs68 were cultured in adhesive 
culture flask; while semi-adhesive cells一Colo201 could be cultured in both adhesive 
culture flask and non-adhesive culture flask. They were grown at 37°C in a 
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humidified atmosphere with 5% CO2. The cells were passed to a new flask with fresh 
medium about three times a week. 
2.8 Determination of antiproliferative activities by M T T assay (Colorimetric) 
Chemicals and Reagents 
1. IX Dulbecco's PBS, Ca^^ and Mg2+ free 
2. 37°C incubator 
3. ELISA-reader with 570nm filter 
4. Microscope & hemacytometer 
5 .Multichannel pipettor (lOjdl & 100)li1) & sterile pipette tips 
6 .Flat-bottom 96-well MP [tissue culture grade] 
7. 1 ml syringe 
8. 0.2um syringe filter (Minisart) 
9. MTT solution: 
5mg of MTT was dissolved in 1ml filtered PBS at 37°C water bath and it was 
freshly prepared 
10. Acid isopropanol (0.04M HCl in isopropanol) 
0.6ml of I M HCl was mixed with 14.4ml of isopropanol in 15ml falcon tube 
11. HepG2 and MCF-7 
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Preparat ion of Samples 
Flower extracts were prepared by dissolving the flower tea extraction powders 
in PBS, which in turn filtered by 0.2)am syringe filter. 
Procedures 
100|il of cell solution (cell number =3x10"^) was added to each well in 96-well 
Multiwell Plate. The cells were incubated in CO2 cabinet at 37°C, 5%C02, 95% 
humidified atmosphere for 24 hours. The cells were undergoing exponential growth 
in 24hours (Carmichael et al., 1987). Then 100|Lil/well of flower extracts was added. 
For controls, lOOjiil/well of medium was added instead of flower extracts. The cells 
were incubated at 37°C, 5%C02, 95% humidified atmosphere for 72 hours. 20|Lil/well 
of freshly prepared MTT solution was added and reincubated for 5 hours. The culture 
medium was removed by soaking with tissue paper. The culture medium was then 
added 150|Lil/well acidic isopropanol to dissolve the violet formazan crystals. The 
Abs at 570nm was taken by 96-well microplate spectrophotometer (SpectroAmaxTM 
250). The antiproliferative activity was expressed as percentage (%) of inhibition in 
treatment group relative to the control group. 
0/0 inhibition = " ) X 100% (2.6) 
Ai^control 
Screening for the ant iprol i ferat ive activities 
The assay determined the proliferation of cells by measuring the mitochondrial 
respiratory activity (viability of cells). HepG2 and MCF-7 were treated with 7 flower 
extracts at 0.5 and 0.25mg/ml. The assay was used for screening the flower extracts 
for antiproliferative activity. The flower extract with the most antiproliferative 




The results were mean 土 SD of experiments in triplicate. Statistical analysis 
was performed using a two-tailed and type 1 Student's /-test, p < 0.05 was considered 
statistically significant different. 
2.9 Determination of antiproliferative activities by B rdU labeling assay 
This assay is a chemiluminescence immunoassay for the quantification of cell 
proliferation . This is based on the measurement of pyrimidine analogu一BrdU 
(5-bromo-2'-deoxyuridine) incorporation instead of pyrimidine during DNA 
synthesis in proliferating cells. After its incorporation into DNA of proliferating cells, 
BrdU wil l be detected by immunoassay. The assay was carried out using the BrdU kit 
(Roche). 
Chemicals and reagents: 
1. Flat-bottom 96-well MP (tissue culture grade) 
2. 1 X Dulbecco's PBS, Ca^^ and Mg2+ free 
3. R. rugosa extract of different concentrations were prepared by mixing with PBS 
followed by filtered with 0.2um syringe filter 
4. BrdU labeling working solution: BrdU labeling solution (provided) 1:100 with 
culture medium 
5. Anti-Brdu-POD stock solution: anti-BrdU-POD (provided) is mixed with 1.1ml 
redistilled water. 
6. Anti-Brdu-POD working solution: Anti-BrdU-POD stock solution was diluted 
with antibody dilution solution. 
7. Washing solution: buffer concentrate (provided) was diluted with redist. Water. 
8. Substrate solution: substrate component B (luminol and 4-iodophenol solution) 
(provided) was diluted substrate component A (hydrogen peroxide)( provided) in 
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1:100. This solution must be freshly prepared before adding to the cells. 
Preparation of samples 
The flower extract which had the highest antiproliferative activities in the 
MTT assay was prepared. The flower extract was prepared in different 
concentrations by dissolving the flower tea extract powders in PBS, which in turn 
filtered by 0.2um syringe filter. 
Preparation of cells 
Four human cancer and one normal cell lines were used in this assay included 
HepG2, MCF7, a A-375, Colo 20land Hs68. 3x10"^  cells/ml was prepared before 
seeding into 96-well plate. 
Procedures 
An aliquotof lOOil containing of 3x1 O^  cells was seeded in the 96-well 
microplate. There were 3 wells acting as blank in which medium was added instead 
of cells. The blank provided information about the unspecific binding of BrdU and 
anti-BrdU-POD conjugate to the 96-well microplate. The cells were incubated in 
CO2 cabinet at 37。C, 5%C02, 95% humidified atmosphere for 24 hours. lOO i^l of 
flower extracts was added into the cells in triplicate. The concentration of sample 
extract was diluted with the cells 2 times to 0.25, 0.17, 0.11, 0.07mg/ml. The control 
and the background control were added 100 |li1 medium instead of flower extract. The 
cells were incubated for 72 hours for DNA synthesis during cell proliferation. 
10|al/well BrdU labeling solution was added. For the background control, no BrdU 
was added as it provides information about the unspecific binding of the 
anti-BrdU-POD conjugate to the cells in the absence of BrdU. The cells were 
reincubated for additional 2 hours, in which BrdU was incorporated into DNA. After 
2 hours, for adherent cells, the labeling medium was removed by tapping off or 
suction; for suspension cells, the MTP was centrifuged at 300x g for 10 minutes and 
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the cells were dried using a hair-dryer for about 15 minutes or, alternatively, at 60°C 
for 1 hour. The cells could be stored for up to one week at 2-8oC until next step was 
carried out. 200|Lil/well FixDenat (provided) was added to the cells and incubated for 
30 minutes at room temperature. The FixDenat solution was removed thoroughly by 
soaking with tissue paper. Then 100|al /well anti-BrdU-POD working solution was 
added and incubated for 90 minutes at room temperature. Excess anti-BrdU-POD 
was removed by rinsing the well with 200|li1 washing solution 3 times followed by 
soaking with tissue paper. 100|LI1 /well substrate solution was added in the dark. The 
MP was incubated for 5minutes on a shaker. Light emission was measured by a 
microtiter plate luminometer (ML3000). Results were the percentage (%) of 
inhibition in treatment group as compared to control and were calculated as equation 
2.7: 
% inhibition = ( 1 - Abs of _ _ ) ^ iqqo/^ (2.7) 
Absof control 
Determinat ion of IC50 
The IC50 of the extract against the cancer cell lines was determined in the 
dose response curves (r^ > 0.95). 
Statistical Analysis 
Results were mean 士 SD of experiments in triplicate. Statistical analysis was 
performed using a two-tailed and type 1 Student's /-test, p < 0.05 was considered 
statistically significant different. 
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2.10 Cell cycle analysis by flow cytometry 
Flow cytometry is a rapid and sensitive technique for studying cell membranes 
and intracellular changes of different cell types. Flow cytometric analysis is 
performed to determine cell cycle pattern of cancer cells lines, the percentage of cells 
in different phases (Sub-Go/Gi, G()/Gi, S, G2/M). In flow cytometric histograms, 
apoptotic cells (Sub-GO/Gl) give DNA fluorescence in the subdiploid regions. Ten 
thousand cells in each treatment are analysed. The cell lines that had been 
significantly proliferatively inhibited by the flower extract in BrdU labeling assay 
were selected for running flow cytometry. 
Chemicals and reagents 
1. 70% ethanol (store at -20°C) 
2. IX Dulbecco's PBS, Ca^^and Mg2+ free 
3. Vindolov's PI preparation 
A.1.21g Tris Base (J.T.Baker) 
B.lOmg 700kU RNase (Sigma) 
C.50.1mg Propidium iodide (Sigma) 
A, B and C were mixed in 1000ml dHsO and the pH was adjusted to 8.0. It was 
stored at 4°C and wrapped with aluminium foil. 
Preparation of flower extracts 
The flower tea powder was dissolved in PBS and filtered through a 0.2um 
syringe filter. Two concentrations were prepared: 
A. 2 X IC50 
B. IC50 
The value of A and B were found in the BrdU labeling analysis assay. The 
sample was concentrated 10 times before adding to the cells as it wil l be diluted 
when mixed with the medium containing cancer cells. 
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Preparation of cells 
An aliquot of 1 ml of 4x10^ cells was seeded in 25ml culture flask (Nunclontm 
Surface) containing 8ml medium. For suspension cells, 1 ml of the sample was added 
together with the cells. On the other hand, for adherent cells, 1 ml of the sample was 
added one day after the seeding of cells. For the control, 1ml of medium was added 
instead of the sample. After adding of sample/ medium, the cells were incubated for 
72 hours. 
Procedures 
The cells were transferred to 15ml falcon tube. For adherent cell, it was 
trypsinized in order to detach from culture flask surface. The cells were washed with 
PBS 2 times by centrifuging at 300RCF for lOminutes. Then the cells were fixed 
with 1 ml 70% ethanol and stored overnight at -20°C. Ethanol was then removed by 
centrifuging the 15ml falcon tube at 300RCF for lOminutes. The cells were washed 
with PBS 2 times at 300RCF for lOminutes. The cells were incubated with 1 ml PI 
staing mixture and filtered with nylon mesh (for the removal of clumps of cells) at 
14ml falcon tube. The cell mixture was incubated overnight at 4°C. The cells in 14ml 
falcon tube were injected to flow cytometric machine for achievement of cell cycle 
information. 
Statistical analysis 
The results were presented as means 士 standard deviation (SD). The variability 
between the controls and the various treatments were investigated by one-way 
ANOVA together with Tukey's method using SPSS software. Differences with 
p<0.05 were considered statistically significant. 
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2.11 Determinat ion of genotoxicity by SOS chromotest 
Genotoxicity was assessed by the SOS Chromotest which is a simple bacterial 
colorimetric assay (Quillardet P. and Hofnung M., 1985). SOS chromotest was 
carried out using SOS-Chromotest Kit version 6.1 by EBPI. 
Mater ia ls included in the k i t 
1. sfiAr.lacZ operon fusion tester strain E. coli. Suspension 
2. Growth medium for sfiAr.lacZ operon fusion tester strain E. coli 
3. Chromogenic substrate of (3-galactosidase 
4. Diluent for Chromogenic substrate of P-galactosidase 
5. Alkaline phosphatase 
6. Diluent for Alkaline phosphatase 
7. 4 Nitro Quinoline Oxide(4 NQO) 
8. salined 10% DMSO 
9. Stop solution 
10. 96-well MP 
Sample preparat ion 
Six serial dilutions of 1 mg/ml of the 7 flower extracts were prepared using 
saline 10% DMSO. Six serial dilutions of 10|Lig/ml of the standard 4NQ0 were 
prepared using saline 10% DMSO. 
Bacteria preparat ion 
The bacteria was rehydrated in growth medium in aseptic environment and 
then incubated in 37°C water bath for one day. The tube containing the bacteria was 
wrapped with aluminium foil. OD at 600nm of the bacteria suspension was measured. 
The volume of suspension required to obtain 10ml of bacterial suspension with a 
final OD600 of 0.05 was calculated using the following equation: 
Required volume(ml) of the overnight grown bacterial suspension to be added to the 
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fresh growth medium to make up to 10ml= 0.5/OD of suspension (2.7) 
Procedures 
Aliquots of lOfil sample and positive control (4-NQO) of different 
concentrations were dispensed into appropriate wells of the 96-well microplate. 
lOOjil of the bacterial suspension was dispensed into the appropriate wells of the 
96-well microplate. For negative control, 10|al growth medium and lOOjul bacterial 
suspension was added. Negative control was used to measure the background OD 
readings. Background OD readings in wells containing bacteria but no genotoxins 
are typically found to be near 0.5 due to a natural low background rate of enzyme 
production not connected to the activation of the SOS gene repair complex. The 
bacterial suspension was incubated for two hours. lOOjul Chromogenic substrate of 
p-galactosidase solution was dispensed into all the wells and then incubated for 
60-90minutes until blue color developed. OD corrected for reagent blank (growth 
medium) was measured at 615nm. The blue developed was directly proportionate to 
the genotoxicity. I f no colour develops in the test samples, the flower extracts may 
kill the bacteria, so viability check was then performed by adding 50|al/well of the 
rehydrated alkaline phosphatase chromogen. The bacterial suspension was incubated 
for 30-60minutes at 37°C, until yellow color developed in the controls and stopped 
with 50^il of the stop solution. 
Data analysis 
The assay was quantitative since dose response curves of positive control and 
sample tester could be plotted. The slope of the linear region of the curves allows 
estimation of the SOS-inducing potency (SOSIP), which reflects the genotoxic 
inducing activity. The genotoxic inducing activity was increased with SOSIP. 
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Chapters Results 
3.1 The recovery of active components of dry flowers 
Table 3.3 shows the recovery of active components of dry flowers. The descending 
order of recovery of active components per 1 g dry weight is H. sabdariffa (0.24)〉T. 
majus (0.16)〉兄 rugosa (0.11)=丄.officinalis (0.11)> L. sinuatum (0.06)>G globosa (0.05). 
3.1 Determination of antioxidant activities by TEAC Assay 
3.1.1 Trolox standard reference 
The percentage of ABTS*. scavenging ability of absorbance at 734nm was 
calculated as (initial Abs — final Abs)/initial Abs x 100% (3.1) and it is plotted against 
concentrations for the function of standard reference. The dose-response curve for four 
sequentially stock standards of Trolox was shown in Fig 3.1. 
3.1.2 TEAC of the seven flower extracts 
TEACs were deduced in the standard curve (Fig 3.1). TEACs of flower extracts was 
expressed as g TE per 1 g DW (Fig 3.2). 
As shown in the table 3.1, the descending order of antioxidant activities expressed as 
g TE per 1 g P was R. rugosa (1.178±0.069)> T. majus (0.202±0.020) >L. sinuatum 
(0.192±0.025)> L officinalis (0.151±0.016)=M incana (0.157±0.021)>//. sabdariffa 
(0.074±0.012)=G globosa (0.076±0.016). R. rugosa extract seemed to have the greatest 
antioxidant power when comparing with other extraction powder; while the descending 
order of antioxidant activities expressed as g TE per 1 g DW was R. rugosa 
( 0 . 1 3 0 ± 0 . 0 0 8 ) > T. majus ( 0 . 0 3 2 ± 0 . 0 0 3 ) > H. sabdariffa ( 0 . 0 1 8士 0 . 0 0 3 ) = L officinalis 
(0.017±0.002)>L. sinuatum ( 0 . 0 1 5 ± 0 . 0 0 2 ) > M. incana ( 0 . 0 0 8土 0 . 0 0 1 )〉 G . globosa 
(0.004士 0.001). 
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3.2 Hydroxy l radical scavenging activity by deoxyribose assay 
Dose response curves were plotted as Hydroxyl radical scavenging activity% against 
concentrations (Fig 3.3). The results were mean of experiments in triplicate. Hydroxyl 
radical scavenging activity% was calculated as [l-(Abs in the presence of sample/Abs in 
the control)] x 100 (3.2). 
IC50S (Fig 3.4) of the seven flower extracts were found in dose response curves. IC50 
is inversely proportionate to the antioxidant activities (the hydroxyl radical scavenging 
ability). The antioxidant activities was also represented by IC50 found in deoxyribose assay. 
Lower IC50 implied higher antioxidant power against hydroxyl radicals. The ascending 
order of IC50 expressed as mg/ml (Table 3.1) was R. rugosa (10.400)< T. majus (11 .000) < 
L officinalis (12.976)<M incana (15.284)< L. sinuatum (16.600)<//. sabdariffa (26.175)< 
G glohosa (30.725). 
3.3 Determination of phenolic contents by Folin-Ciocalteu assay 
The standard curve of catechin (Fig 3.5) was plotted as absorbance at 765nm against 
concentrations, in which the results were mean 土 SD of experiments in triplicate. Phenolic 
content (Fig 3.6) was expressed as g CE per 1 g of 1 g DW which was deduced from the 
standard curve. So, the catechin equivalent was directly related to the total phenolic 
contents. 
The descending order of phenolic content expressed as g CE per 1 g P was (Table 
3.1) R. rugosa (0.39±0.012)> T. majus (0.171±0.001) > L. sinuatum (0.120±0.007)> M. 
incana (0.093±0.005)>L officinalis (0.062±0.002)> G. globosa ( 0 . 0 5 3 ± 0 . 0 0 2 ) > H. 
sabdariffa (0.043±0.001). The range was from 0.043 to 0.171; while the descending order 
of phenolic content expressed as g CE (g) per 1 DW was R. rugosa (0.043士0.001)〉T. 
majus (0.027±0.0001) >H. sabdariffa (0.010±0.0004)> L. sinuatum (0.007士0.0004) = L 
officinalis (0.007士0.0002)〉M. incana (0.005±0.0003) >G. globosa (0.003±0.0001). The 
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range was from 0.003 to 0.043. 
3.4 Determination of total flavonoids by colorimetric aluminium chloride assay 
The standard curve of catechin (Fig 3.7) was plotted as absorbance at 510nm against 
concentrations in which the results were mean 士SD of experiments in triplicate. Total 
flavonoid contents (Fig 3.8) were expressed as g CE per g DW which was deduced from 
the standard curve. 
The descending order of flavonoid contents (talbe 3.1) expressed as g CE per P was 
R. rugosa (0.240±0.022)> T. majus (0.1138±0.011) > M. incana (0.067±0.003)> L 
officinalis (0.062±0.002)>L. sinuatum (0.0592±0.006)> > G. globosa (0.030±0.002)> H. 
sabdariffa (0.030±0.011). The range was from 0.030 to 0.24. While the descending order 
of flavonoid contents (talbe 3.1) expressed as g CE per Ig DW was R. rugosa 
( 0 . 0 2 6 ± 0 . 0 0 2 ) > T. majus ( 0 . 0 1 8 ± 0 . 0 0 1 ) > L officinalis ( 0 . 0 0 7士 0 . 0 0 0 3 ) = H. sabdariffa 
(0.007±0.003)>L. sinuatum ( 0 . 0 0 4士 0 . 0 0 0 4 )〉 M . incana ( 0 . 0 0 3 ± 0 . 0 0 0 1 ) > G. globosa 
(0.002±0.0001). The range was from 0.002 to 0.026. 
3.5 The Inter-correlation between the antioxidant activities, total phenolic and 
flavonoid contents of flower extraction powders 
In Fig 3.9, the correlation coefficient (R^) between TEAC and hydroxyl radical 
scavenging ability of flower tea extraction powder was 0.41. In Fig 3.10, the correlation 
coefficient between TEAC/hydroxyl radical scavenging ability (I/IC50) and phenolic 
contents were 0.93 and 0.55 respectively. In Fig 3.11, the correlation coefficient between 
TEAC/hydroxyl radical scavenging ability (I/IC50) and flavonoid contents were 0.92 and 
0.65 respectively. In Fig 3.12, the correlation coefficient between total flavonoid contents 
and total phenolic contents was 0.97. 
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3.6 Determination of oxidative DNA damage by comet assay 
Fig 3.13 showed the extent of oxidative DNA damage, (a) intact DNA, (b) little 
oxidative damage to the DNA, (c) serious oxidative damage to DNA. The comet tail was 
longer when there was more oxidative DNA damage. R. rugosa and T. majus extraction 
powders were selected in comet assay since they are the most active ones in TEAC and 
deoxyribose assay. Treatments in comet assay were carried out in duplicate; DNA of 50 
blood cells was evaluated in each treatment. The olive tail moment revealed the H2O2 
induced DNA damage. Fig 3.14 and Fig 3.15 showed the protective effects of R. rugosa 
and T. majus respectively on the H2O2 induced DNA damage in preincubation a system 
while Fig 3.16 and Fig 3.17 showed that of R. rugosa and T. majus extracts respectively in 
coincubation a system. For both the incubation systems, H2O2 successfully induced 
oxidative DNA damage, the olive tail moment of which significantly different from other 
treatments and the control, p<0.05. R. rugosa extract reduced oxidative DNA damage in 
both the preincubation and cooincubation system at 0.25, 0.5 and 0.75mg/ml, in dose 
dependent manner. The protection effects of R. rugosa at 0.25mg/ml was the same as 
0.75mg/ml, p>0.05. 
T. majus extract reduced oxidative DNA damage in preincubation and coincubation 
system at 0.25, 0.5 and 0.75mg/ml, also in dose dependent manner. For coincubation 
system, the protection effects of the concentration of T. majus extract at 0.75mg/ml was 
the same as concentration at 0.5mg/ml, p>0.05. The treatment in which vitamin C was 
added instead of flower extracts was regard as negative control for ensuring proper setup 
of the experiments. Vitamin C showed protection effects in all experiments when 
comparing with the positive control. 
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3.7 Determination of antiproliferative activities by M T T assay 
This assay was employed for screening for the antiproliferative activities of the 
flower tea extracts. The one with the highest antiproliferative activities will be carried on 
to BrdU labeling analysis. 
3.7.1 Antiprol i ferat ive activities on HepG2 
Fig 3.18 and 3.19 showed Antifproliferative activities of flower tea extracts at 0.25 
and 0.125mg/ml respectively on HepG2. % inhibition of growth was calculated as 
(1- X''“丨'議')X 100% (3.3). The descending order of antiproliferative activities (%inhibiton 
A^conlrol 
of growth)against HepG2 at 0.25mg/ml was R. rugosa (80.93±1.44)> L. officinalis 
(59.86±29.95)>7： majus (39.35±4.29) > M. incana (37.40±4.84) > G. globosa 
(34.20±5.61)=L. sinuatum (33.97±4.46)> H. sabdariffa (26.89±6.04) while at 0.125mg/ml 
was R. rugosa (77.70±0.95)> L. officinalis (29.95±3.21)>7： majus (28.74±3.37) > G. 
globosa (25.07±3.32)> L. sinuatum (23.42±3.168)>//. sabdariffa (14.80±3.54)> M. incana 
(8.81 ±3.96). The range of antiproliferative activities at 0.25 and 0.125mg/ml was from 
26.89 to 80.93 and 8.81 to 77.70 respectively. 
3.7.2 Antiproli ferative activities on MCF7 
Fig 3.20 and 3.21 showed showed antifproliferative activities of flower tea extracts 
at 0.25 and 0.125mg/ml respectively on MCF7. The descending order of antiproliferative 
activities (%inhibiton of growth) against HepG2 at 0.25mg/ml was R. rugosa 
(80.05±0.67)〉T. majus (76.46±0.75) >L. sinuatum (69.244±1.84)〉L officinalis 
(64.167±39.01)〉G. globosa (29.14±3.58)>M incana (9.20±1.89)〉= //. sabdariffa 
(4.78±2.00) while at 0.125mg/ml was R. rugosa (77.96±0.22)〉T. majus (60.86±2.05) > L. 
sinuatum ( 4 8 . 3 9 ± 2 . 6 7 )〉 L officinalis ( 3 9 . 0 1 ± 1 . 6 2 )〉 G . globosa ( 1 8 . 2 5 ± 3 . 4 4 )〉 M . incana 
(7.15土0.92)〉//. sabdariffa (3.97±2.08). The range of antiproliferative activities at 0.25 and 
0.125mg/ml was from 4.78 to 80.05 and 3.97 to 77.96 respectively. 
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3.7.3 ICso ofR. rugosa extract on both HepG2 and MCF7 
R. rugosa extract showed the highest antiproliferative activities on both HepG2 and 
MCF7, IC50 of it against the two cell lines was of interest. IC50 of it against HepG2 and 
MCF7 were calculated from trendline equations in Fig 3.26 and 3.27 respectively. IC50 for 
HepG2 and MCF7 were 81.13 and 91.69|ig/ml respectively (Table 3.2). 
3.8 The inter-correlation between antioxidant activities, total phenolic contents, 
flavonoid Contents, and the antiproliferative activities of flower extraction 
powders 
In Fig 3.22, the correlation coefficient (R ) between antioxidant activities (TEAC 
and hydroxyl radical scavenging ability) and antiproliferative activities on HepG2 
determined by MTT assay were 0.89 and 0.39 respectively. In Fig 3.23, the correlation 
coefficient between antioxidant activities (TEAC and hydroxyl radical scavenging ability) 
and antiproliferative activities on MCF7 determined by MTT assay were 0.52 and 0.67 
respectively. 
In Fig 3.24, the correlation coefficient between total phenolic/ total flavonoid 
contents and antiproliferative activities on HepG2 determined by MTT assay were 0.83 
and 0.83 respectively. In Fig 3.24, the correlation coefficient between total phenolic/ total 
flavonoid contents and antiproliferative activities on MCF7 determined by MTT assay 
were 0.68 and 0.67 respectively. 
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3.9 Determination of DNA synthesis by B rdU labeling analysis 
A375, colo201, HepG2, MCF7 and Hs68 were employed in this assay. R. rugosa 
was selected for the BrdU labeling analysis since it showed the highest antiproliferative 
activities against HepG2 and MCF7 in MTT assay. IC50S of R. rugosa extract for A375, 
C 0 I 0 2 O I , HepG2 and MCF7 were calculated from the trendline equations in Fig 3.28,3.29, 
3.30, 3.31 respectively. The IC50S against each cell lines were shown in table 3.2. The 
extract exerted no antiproliferative effects on Hs68 (data not shown) so IC50 for this 
normal skin cell line could not be calculated. MCF7 showed the highest IC50 among the 
four cancer lines so this cancer cell line would not be selected for cell cycle analysis using 
flow cytometry. 
3.10 Cell cycle analysis by flow cytometry 
A375, colo201 and HepG2 were selected for flow cytometrc analysis. These cancer 
lines were incubated with IC50 and 2x IC50 of of R. rugosa extract shown in table 3.1 for 
72 hours. The percentage of cells in each phase (Sub-Go/Gi, Gq /G i , S, G2/M) was 
calculated through WinMDI 2.8 program of propidium iodide fluorescence data). Data 
represented the mean 士 SD of experiments performed in triplicate. 
Fig 3.32 showed the cell cycle distribution pattern of Colo201 cells, the percentage 
of cells moved to S phase increased significantly comparing with the control when the 
cells was treated with IC50 of the extract, from 37.17 土 0.40o/o to 83.73 士 6.62o/o, p<0.05; 
the cells moved to Gq /G i decreased significantly from 54.27% 土 0.06O/o (control) to 12.90 
土 1.30o/o (IC50), p<0.05. When 2xIC5o was added, the percentage of cells moved to sub 
Gq /G i increased significantly comparing with the control from 2.44% ± 0.18 to 5.09% 
±0.44, p<0.05; however, cell cycle of the rest of cells was unidentifiable at 2xIC5o. 
Fig 3.33 showed the cell cycle distribution pattern of A375 cells. The percentage of 
cells moved to Sub Gq /G i increased significantly in a dose response manner, from 3.17% 
±0.30% (control) to 13.48 土 0.26% (ICso) and further to 30.39 士 1.06% (2xIC5o), p<0.05. 
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The cells moved to S phase increased significantly in a dose response manner, from 30.47 
土 1.30/0 (control), to 38.50 土 0.96o/o (IC50), and further to 45.20 土 1.91o/o (2xlC5o), p<0.05. 
The cells moved to G2/M increased significantly from 14.03 土 0.76o/o (control), to 16.93 士 
0 . 1 1 % (IC50) and further to 20.07 土 0.57% (2xIC5o), p<0.05. On the other hand, the cells 
moved to GO/Gl phase decreased significantly in a dose response manner, from 55.50 土 
1.93% (control) to 44.60 士 0.93o/o (IC50) and further to 34.73 土 2.15o/o (2xIC5o), p<0.05. 
Fig 3.34 showed the cell cycle distribution pattern of HepG2 cells. The percentage 
of cells moved to Sub GO/Gl increased significantly when treated with 2xIC5() of the 
extract, from 15.96 土 O.lQo/o (control) to 26.60 土 1.87 (2xIC5o), p<0.05. The percentage of 
cells moved to GO/Gl phase decreased significantly in a dose response manner, from 55.87 
土 0.38O/O (control) to 51.33 士 1.79o/o (IC50) and further to 31.67 士 1.57o/o (2xIC5o), p<0.05. 
The percentage of cells moved to S phase increased significantly in a dose response 
manner, from 24.80 ±0.96% (control) to 33.23 土 0.75% (IC50) and further to 58.33 ± 1 . 2 0 % 
(2xIC5o), p<0.05. The percentage of cells moved to G2/M decreased significantly in a dose 
response manner, from 19.3 ±0.72o/o (control) to 15.4 ±1.39% (IC50) and further to 10.03 
±1.45%(2xIC5o), p<0.05. 
3.11 Determination of genotoxicity by SOS chromotest 
SOS chromotest was employed for determination of genotoxicity. The standard 
curve (Fig 3.38) showed that the standard (4-NQO) induced genotoxicity on sfiA::lacZ 
operon fusion tester strain E. coh in a dose-dependent manner. 4-NQO was frequently used 
for the induction of tumor in mouse in cancer research. The slope of the linear region of 
the curves allows estimation of the SOS-inducing potency (SOSIP), which reflects the 
genotoxic inducing activity. The SOSIP of 4-NQO was 0.469 in Fig 3.38. Increasing 
concentration up to 1000|ag/ml (lOx of 4-NQO) of the seven flower tea extracts was 
incubation with sfiA::lacZ operon fusion tester strain E. coli. The absorbance read at 
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613nm in these mixtures was all approximately zero(data not shown here). So the flower 
tea extracts did not exert genotoxic effects on the bacteria. Viability check was performed 
to see whether the flower tea extract exerted cytotoxicity on the bacteria (Fig 3.32). The 
viability of the bacteria with addition of both 4-NQO and flower tea extracts made no 
significant difference with the control. So the flower tea extracts were no cytotoxic to the 
bacteria. 
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Standard curve of trolox 
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Figure 3.1 Standard curve of trolox. Data was mean 土SD of readings in triplicate 
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Figure 3.2 TEACs (g TE per 1 g DW) of the seven flower extract. Results were mean 士 
SD of experiments in triplicate. Results with the same letter showed no significant 
difference, p〉0.05 (One way ANOVA with Tukey's method using SPSS). 
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Figure 3.3 Dose response curves of flower tea extraction powders. Data was mean of 
readings in triplicate. The curves were used for determination of IC50 of flower extract 
against hydroxyl radicals. 
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Figure 3.4 The hydroxyl radical scavenging ability expressed as IC50 of flower extraction 
powders determined by deoxyribose assay. 
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Figure 3.5 Dose response curve of catechin in the total phenolic contents determination 
by Folin-Ciocalteu assay. Results were mean 士 SD of experiments in triplicate. 
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Figure 3.6 Total phenolic content of flower tea extract expressed as g CE per 1 g DW. 
Results were mean 士 SD of experiments in triplicate. Results with the same letter showed 
no significant different, p>0.05 (One way Anova with Tukey's method using SPSS). 
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Figure 3.7 Dose response curve of catechin in total flavonoid content determination by 
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Figure 3.8 Total flavonoid contents of the flower extraction powders. Results were mean 
土 SD of experiments in triplicate. Results with the same letter showed no significant 
different, p>0.05 (One way Anova with Tukey's method using SPSS). 
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Table 3.1 TEAC, IC50 of hydroxyl radical scavenging ability, total phenolic contents and 
total flavonoid contents of various flowers 
' 0H scavenging Total phenolic Total flavonoid 
TEAC value 
ability contents contents 
TE (g) IC50 (mg/ml) CE (g) CE (g) 
R..rugosa P 1.178±0.070' 10.340 0.391±0.012' 0.240±0.022' 
DW 0.130±0.008® 0.043±0.001^ 0.026±0.002^ 
T. majus P 0.202±0.02'' 11.000 0.171 士O.OOlb 0.114±0.010'' 
DW 0.032±0.003h 0.027±0.000r 0.01810.002'^  
M incana P 0.157±0.021' 15.284 0.093±0.005。 0.06710.003'^  
DW 0.008±0.00r 0.005±0.0003」 0.003±0.000r 
L. sinuatum ? 0.192±0.025^ 16.600 0.120±0.002^ 0.06010.006'=''^  
DW 0.015 土0.002」 0.007±0.0004k 0.004±0.0004^ 
L. officinalis P 0.15110.002'^  12.976 0.062±0.002' 0.063±0.002'' 
DW 0.017±0.002k 0.007±0.0002' 0.007±2.6xl0-'' 
G. globosa P 0.076±0.016' >20.00 0.05310.002^ 0.030±0.002' 
DW 0.004±0.00li 0.003±0.000r 0.002土 O.OOOli 
H. sabdariffa P 0.074±0.012^ >20.00 0.043±0.001^ 0.030土0.01 le 
DW 0.018±0.003k 0.010±0.0004° 0.00710.003' 
* TEAC value expressed as TE (g) per 1 g dry weight or powder 
* Total phenolic contents and flavonoid contents expressed as CE (g) per 1 g dry 
weight or powder 
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Figure 3.9 The correlation between TEAC and hydroxyl radical scavenging ability of 
flower tea extraction powders. Results were expressed as mean of experiments in triplicate 
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Figures. 10 The correlation between the phenolic contents and antioxidant activities of 
flower tea extraction powders. Results were expressed as mean of experiments in triplicate 
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Figure 3.11 The correlation between the flavonoid contents and antioxidant acitivities of 
flower tea extraction powders. Results were expressed as mean of experiments in triplicate 
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Figure 3.12 The correlation between the flavonoid contents and phenolic contents of 
flower extraction powders. Results were expressed as mean of experiments in triplicate. 
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Figure 3.13 The images of H2O2 induced DNA damage, (a) intact DNA, (b) partially 
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Figure 3.14 The protective effects of R. rugosa extraction powder on the H2O2 induce 
DNA damage in preincubation system. Results were means 士 SD. (a) represented 
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Figure 3.15 The protective effects of T. majus extraction powder on the H2O2 induced 
DNA damage in preincubation system. Results were means士 SD. Results with the same 
superscript showed no significant different, p>0.05 (One way Anova with Tukey's method 
using SPSS). 
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Figure 3.16 The protective effects of R. rugosa extraction powder on the H2O2 induced 
DNA damage in coincubation system. Results were means 士 SD. Results with the same 
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Figure 3.17 The protective effects of T. majus extraction powder on the H2O2 induced 
DNA damage in coincubation system. Results were means 士 SD. Results with the same 
superscript showed no significant different, p>0.05 (One way Anova with Tukey's method 
using SPSS). 
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Figure 3.18 Antiproliferative effects of flower extracts at 0.25mg/ml on HepG2 in the 
MTT assay. Results were mean 士 SD of experiments in triplicate. Results with the same 
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Figure 3.19 Antiproliferative effects of flower extracts at 0.125mg/ml on HepG2 in the 
MTT assay. Results were mean 土 SD of experiments in triplicate. Results with the same 
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Figure 3.20 Antiproliferative effects of flower extracts at 0.25mg/ml on MCF7 in the 
MTT assay. Results were mean 土 SD of experiments in triplicate. Results with the same 
superscript showed no significant different, p>0.05 (One way Anova with Tukey's method 
using SPSS). 
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Figure 3.21 Antiproliferative effects of flower extracts at 0.125mg/ml on MCF7 in the 
MTT assay. Results were mean 土 SD of experiments in triplicate. Results with the same 
superscript showed no significant different, p>0.05 (One way Anova with Tukey's method 
using SPSS). 
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Figure 3.22 The correlation between antioxidant activities and antiproliferative activities 
on HepG2. Results were mean of experiments in triplicate. 
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Figure 3.23 The correlation between antioxidant activities and antiproliferative activities 
on MCF7. Results were mean of experiments in triplicate. 
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Figure 3.24 The correlation between total phenolic and flavonoid contents and 
antiproliferative activities on HepG2. Results were mean of experiments in triplicate. 
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Figure 3.25 The correlation between total phenolic and flavonoid contents and 
antiproliferative activities on MCF7. Results were mean of experiments in triplicate. 
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Figure 3.26 The dose response curve of R. rugosa extract against HepG2 in the MTT 
assay. Results represented the means士 SD of experiments performed in triplicate. 
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Figure 3.27 The dose response curve of R. rugosa extract against MCF7 in the MTT 
assay. Results represented the means士 SD of experiments performed in triplicate. 
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Figure 3.28 The dose response curve of R. rugosa extract against A375 in the BrdU 
labeling assay. Results represented the means 士 SD of experiments performed in triplicate. 
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Figure 3.29 The dose response curve of R. rugosa extract against colo201 in the BrdU 
labeling assay. Results represented the means士 SD of experiments performed in triplicate. 
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Figure 3.30 The dose response curve of R. rugosa extract against HepG2 in the BrdU 
labeling assay. Results represented the means土 SD of experiments performed in triplicate. 
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Figure 3.31 The dose response curve of R. rugosa extract against MCF7 in the BrdU 
labeling assay. Results represented the means土 SD of experiments performed in triplicate. 
Table 3.2 The IC50 of R. rugosa extract for cancer cell lines determined by the MTT and 
BrdU labeling assay 
IC50 by BrdU labeling 
assay ICso by MTT assay 
Cancer cell lines jig/ml jig/ml 
HepG2 59.93 85.13 
MCF7 518.78 91.69 
A375 46.38 
C0I02OI 67.90 
No inhibition on DNA 
HS68 synthesis 
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Figure 3.32 The distribution of Colo201 cells, treated with R. rugosa extract of different 
concentrations, in each phase of the cell cycle (a) which was not treated, in the cell cycle, 
(b) treated with R. rugosa extract of IC50 , (c)treated with R. rugosa extract of 2xIC5o (the 
most representative one from experiments in triplicate). 
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Figure 3.33 The distribution of A375 cells, treated with R. rugosa extract of different 
concentrations, in each phase of cell cycle, (a)the cells were not treated, (b) treated with R. 
rugosa extract of IC50, (c) treated with R. rugosa extract of 2xIC5o. (the most representative 
one from experiments in triplicate). 
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Figure 3.34 The distribution of HepG2 cells, treated with R. rugosa extract of different 
concentrations, in each phase of cell cycle,(a)the cells were not treated, (b)treated with R. 
rugosa extract of IC50, (c) treated with IxICso. (the most representative one from 
experiments in triplicate). 
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Figure 3.35 The dose response curve of 4-NQ0(standard) against sfiA::lacZ operon 
fusion tester strain E. coli, in which Y-axis represented genotoxicity. The absorbance at 
615nm of all flower extracts of different concentration was approximately zero. 
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Figure 3.36 The viability of the sfiA::lacZ operon fusion tester strain E. coli in the SOS 
chromotest when treated with flower extract powders. The viability reflected the 
cyctotoxicity of flower extract powders. Y-axis represented the amount of viable bacteria. 
Results were mean ± SD. of experiments in triplicate. Results with the same superscript 
showed no significant different, p>0.05 (One way ANOVA with Tukey's method using 
SPSS). 
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Table 3.3 Recovery of active components 
Flower Weight of dry Freeze-dried powder Weight of powder (g) 
flowers (g) (g) per 1 g dry weight 
G globosa 400.23 21.37 0.05 
H. sabdariffa 163.78 38.88 0.24 
L. officinalis 68.66 7.41 0.11 
L sinuatum 230.45 13.95 0.06 
M. incana 249.67 12.21 0.05 
R. rugosa 172.56 18.85 0.11 
T. majus 250.34 39.92 0.16 
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Chapter 4 Discussions 
4.1 Ext rac t ion method 
Extraction method is critical to the recovery of active compounds of dry 
flowers for the antioxidant and antiproliferative activities. Habitually, people brew 
the dry flowers with hot water for a period of time before consumption. The brewing 
time largely depends on the preference of people. We want to extract what people 
normally take; as a result, hot water is used as medium for extraction of active 
components in dry flowers. Water is a well known polar extraction solvent, so polar 
components in dry flowers are expected to be extracted out. Phenolic compounds 
tend to be water soluble, because they frequently occur as glycosides, and they are 
usually located in the cell vacuole (Harborne, 1998). Actually, the solvent that is 
higher in water composition can aid in the extraction of glycosides of flavonoids. 
The use of water as solvent is environmentally friendly and pose no health and safety 
risks (Tsao & Deng, 2004). Study by Prenesti Enrico et al., 2006 showed that hot 
water led to more efficient extraction and did not damage the antioxidant ability of 
the phenolic compounds. 
4.2 Comparison of T E A C of the dry flowers w i th other plants 
When comparing with guava, dry flowers (Table 3.1) showed higher TEAC 
value. TEAC of 4 Guava genotypes were white-fleshed --Allahabad Safeda (9.5x10—6) 
and three pink-fleshed~Fan Relief (8.6x10"^), Ruby Supreme (5.6x10.6), an 
advanced selection (7.4x10"^) (Thaipong, 2006). 
When comparing with the 11 traditional Algerian medicinal plants extracts, all 
dry flowers apart from G. globosa showed higher TEAC value (Table 3.1). TEAC of 
11 Traditional Algerian medicinal plants were Anthemis arvensis (0.008), Artemisia 
campestris (0.006), Globularia alypum (0.005), Thymelaea hirsute (0.004), Oudneya 
Africana ( 0 . 0 0 4 ) , Thapsia garganica (0.003), Teucrium polium (0.004), Artemisia 
arboresens (0.003), Artemisia herba halba (0.003), Juniperus oxycedrus (0.003), and 
Ruta Montana (0.002) (Djeridane et al., 2006). 
When comparing with well known antioxidant ascorbic acid and BHA, all dry 
flowers showed higher TEAC (Table 3.1). TEAC of ascorbic acid and BHA 
determined were 0.00land 0.002 respectively (Dorman et al., 2004). 
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When comparing with the cereal products provided by Danone Vitapole 
(France), R. rugosa and T. majus showed higher antioxidant activities but others 
showed lower. TEAC of the cereal products were air separated wheat middling 
(0.005), Fresh wheat germ (0.003), Fermented wheat bran (0.004), Cold pressed 
wheat germ (0.011), Buckwheat flour (0.015) (Gallardo et al., 2006). 
When comparing with the black tea samples of different brands purchased 
from a local Hypermarket in Mauritius, the TEAC of R. rugosa was comparable to 
them (Table 3.1). TEAC were 3-Pavillons (0.106), Black Label (0.169), Red Label 
(0.169), Extra(1.6), Ouvagalia (0.29), Chartreuse (0.134), Corson (0.135) La Flora 
(0.106), Buccaneer's Choice (0.214) (Luximon-Ramma et al., 2005). 
From these data, it is believed that R. rugosa extract will be an appreciable 
antioxidant supplement against daily oxidative assault, both endogenously and 
exogenously. 
4.3 Correlation between ABTS.+ and hydroxyl scavenging abil ity of flower 
extraction powder 
In case of power form and dry weight, R. rugosa, showed the highest 
antioxidant power in both TEAC and deoxyribose assays, T. majus the second 
highest and G. globosa the lowest while others varied in the two assays. 
From the coorelation graph (Fig 3.9), correlation between TEAC and I/IC50 
(mg/ml) found in deoxyribose assay was only R =0.41. However, i f the point of R. 
rugosa is ignored, it seems that TEAC is closed related with the hydroxyl radical 
scavenging ability for the other flowers. So, it suggested that the kinetics of radical 
scavenging reactions of R. rugosa extract in these two systems differed; normally, R. 
rugosa should have higher hydroxyl radical scavenging ability. There is no perfect 
system available to help us know about the exact value of antioxidant power or 
capacity of a single antioxidant or a complex medium of antioxidant components (Ou 
et al., 2002). So different kinds of natural antioxidants should be consumed in order 
to comprehensively combat oxidative stress in our bodies. In other words, we should 
take different kinds of flower herbal teas instead of only confining to one. Actually, 
the use of plants, herbs extract as antioxidants in processed foods is of interest in the 
food industry as an alternative to synthetic antioxidants (Madsen et al., 1995). 
9 1 
4.4 Comparison of phenolic contents of the dry flowers w i th other foods 
Table 3.1 showed that R. rugosa contained the highest level of phenolic 
content; while G. globosa showed the lowest in case of DW. Those flowers which 
have lower phenolic content may be attributed to higher in other soluble compounds: 
carbohydrate content. Many small-sized carbohydrates, such as glucose and fructose, 
are water soluble. So during the extraction process, i f the soluble carbohydrate 
content in the dry flower is higher, a relatively higher proportion of carbohydrate 
dissolves in water, resulting in lower ratio of phenolic content in the extraction 
powder per gram. To conclusion that, R. rugosa dry flowers may contain greater 
proportion of soluble phenolic contents including water soluble phenolic glycosides. 
The total phenolic content of all dry flower were found to be higher when 
compared with algae extracts. Total phenolic contents (g CE per 1 g DW)of 
Scytosiphon lomentarius ——A brown alga commonly consumed in Wajima, 
Ishikawa, Japan was found to be 0.006; and that of Papenfussiella kuromo, 
Scytosiphon lomentaria Nemacystus decipiens and P or phy r a spp. were 0.002, 0.007, 
0.007 and 0.01 respectively (Kuda et al., 2005). 
We cannot get 100% accuracy in estimation of total phenolic content. It is 
because the total phenolic contents of the flower extracts were measured according to 
the Folin—Ciocalteu method. The Folin—Ciocalteu reagent determines total phenols 
(and other easily oxidized substances), producing a blue colour by reducing yellow 
heteropolyphosphomolybdate-tungstate anions. This assay gives a general measure 
of phenolic contents since it is not entirely specific for phenolic compounds and not 
all phenolic compounds exhibit the same level of activity in the assay (Wu et al., 
2006). Moreover, soluble compounds, such as simple carbohydrates or amino acids, 
may be present in the extracts and may interfere with the determination of total 
phenolic compounds in the non-specific Folin—Ciocalteu method (Zielinski & 
Kozlowska, 2000). 
4.5 Correlation between total phenolic contents and flavonoid contents of 
flower extraction powders 
Flavonoids, as mentioned in introduction, are subgroups of phenolic 
compounds and other than flavonoids, there are a great variety of phenolic 
compounds. So there should be linear relationship between phenolic and flavonoid 
contents and flower extracts should contain a lower flavonoid contents than phenolic 
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contents. From (Fig 3.12), the correlation coefficient was R =0.97, which implied 
that the ratios of flavonoid phenolic to non-flavonoid phenolic contents of flower 
extraction powders and even in dry flowers were similar. Actually plant extracts with 
higher phenolic content did not always have higher flavonoid content. Research by 
Maisuthisakul et al., 2006 showed that the seed of the seed of Antidesma velutinum 
Tulas. which had a higher total flavonoid content (50 mg Rutin equivalent /g DW) 
compared with that of Cleistocalyx operculatus var. paniala Roxb (44 mg Rutin 
equivalent /g DW), although the total phenolic content was lower (123 and 174 mg 
gallic acid equivalent /g DW, respectively. 
4.6 Correlat ion between total phenolic, flavonoid content and antioxidant 
activities of flower extraction powder 
A linear correlation between free radical scavenging capacity and phenolic 
content has been reported in an extensive range of vegetables, fruits and beverages 
(Gil et al., 2000). 
From Fig 3.10, the correlation efficient between antioxidant activity by TEAC 
assay and total phenolic content was R^=0.93. However, i f R. rugosa was excluded 
from the graph, the correlation is not that obvious. It revealed that the ABTS.+ 
scavenging ability may be associated with the total phenolic content. The hydrogen 
donating properties of phenolic compounds confered its ability to scavenging 
ABTS*+ in TEAC assay. Actually there are many reports concerning the ABTS.+ 
scavenging ability of phenolic compounds. 
The correlation efficient between antioxidant activity by deoxyribose method 
and total phenolic content was R^=0.55 (Fig 3.10); even if the R. rugosa was 
excluded from the graph, the correlation efficient was also low. The correlation was 
so low to correlate hydroxyl radical scavenging ability and total phenolic content. It 
implied that phenolic compounds in flower extracts may not be a good hydroxyl 
radical scavenger in deoxyribose method. Besides phenolic compounds, other 
antioxidant components, such as carotenoids, tocopherols, amino acid or other non-
characterized phenolics may be capable for scaveging hydroxyl radicals. 
From Fig 3.11, the correlation efficient between antioxidant activity by TEAC 
assay/deoxyribose assay and total flavonoid contents was R^=0.92 and 0.65 
respectively; even if the points of R. rugosa was ignored, the correlation between 
antioxidant activity by TEAC assay/deoxyribose assay and total flavonoid content 
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were also significant. The result was consistent with that of phenolic contents. It 
implied that the flavonoid portion of phenolic contents contributed significantly to 
the ABTS.+ scavenging abilities in TEAC assay but that portion did not involve 
largely in scavenging hydroxyl radicals in deoxyribose assay. 
4.7 Factors affecting the antioxidant power besides total phenolic contents 
The antioxidant activities are associated with the structures of phenolic 
compounds (Heim et al., 2002). Flavonoids are major types of phenolic compounds. 
Their structure—antioxidant activity relationships in both the aqueous or lipophilic 
system have been comprehensively reported. Antioxidant activity commonly relys 
on the number and positions of hydroxyl groups and other substituents, and 
glycosylation of flavonoid molecules. Occurrence of certain hydroxyl groups on the 
flavonoid nucleus enhances antioxidant activity. Substitution patterns in the B-ring 
and A-ring as well as the unsaturated bonding ——2,3-double bond and the 4-oxo 
group in the C-ring also greatly affect antioxidant activity of flavonoids. Studies 
showed that glycosylation of flavonoids diminishes their activity when compared to 
the corresponding aglycones (Nenadis et al., 2004). Moreover, antioxidant may 
interact to each other to have synergic, additive or antagonistic effects. Synergistic 
effects of antioxidant compounds, such as the a-tocopherol recycling property of P-
carotene and phenolic compounds, have been documented (Hsu & Guo, 2002; Young 
& Lowe, 2001). The antioxidant power in the flower extraction powders may be due 
to interaction and the structure of phenolic compunds, besides the quantity of 
phenolic compounds. So the total phenolic content partially contributed to the 
antioxidant power of flower extracts. 
4.8 Synergistic effect of phenolic compounds 
Phenolic compounds were always reported to have synergistic effect on many 
health aspects. 
Research by Benavente-Garcia et al., 2000 showed that TEAC value of the 
whole olive leaf extract (manufactured and supplied by Furfural Espanol S.A) was 
higher than that of the individual flavonoids. This result suggested that phenolics 
show a synergic behaviour in their radical scavenging capacity when mixed, as 
occurs in the olive leaf extract; research by Marder et al., 2003 revealed that 6-
methylapigenin and hesperidin posed synergic effects on the tranquilizing and sleep-
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inducing activities; Research by Miceli et al, 2005 found that the anti-inflammatory 
activity observed is due to a synergic action of all components contained in methanol 
extract of Nepeta sibthorpii Bentham. 
So, for the health aspects, it is suggested to consume the whole flavonoid 
contents from plant but not take individual flavonoid in tablets. In addition, I believe 
mixture of different flower herbal teas may contribute to greater health promoting 
effects ——antioxidant and antiproliferative activities than only one kind is consumed. 
4.9 Toxicity of dr ink ing flower herbal teas 
As mentioned in the introduction section, numerous phenolic compounds are 
reported to possess genotoxic effects in both in vitro and in vivo; so, it is important to 
know whether flower herbal teas, mixture of phenolic compounds, are safe for 
consumption. In my research, all the flower extracts showed neither genotoxic nor 
cytotoxic effects. 
Flavonoids themselves are believed to have no or little toxicity and have a long 
history of human consumption. So, high intake of individual flavonoid(supplement 
pills) may increase the risk of toxicity. However, anyway, flavonoids are rare to 
cause toxicity. Very large doses of flavonoids (up to 500 mg/kg) were administered 
to animals, with only little or no toxicity reported (Middleton et al., 2000). When this 
dose is applied to a normal-weighted man with 70kg, intake of 35g flavonoids will 
cause little toxicity. When in case of R. rugosa (the highest flavonoid contents found 
in my research) (0.026g CE per 1 g DW and extraction efficient=0.11), 1346.15g dry 
flower (calculated from 35g/0.026g), which contain 35g flavonoids, will cause little 
toxicity on the 70kg weighted man. Such a large amount of dry flower is enough for 
consumption for one person for 1 year. Normally, 5 g of dry flowers is brewed to 
make infusions at once; in case of R. rugosa ,0.13g flavonoids will be consumed. 
The daily intake of total flavonoids in the U.S. diet has been estimated to be 1 
gram (Kuhnau, 1976). I believe Asian diet contains more phenolic compounds as 
Asian people consume more rice, fruits, and vegetables, which contain abundant 
phenolic compounds. The daily intake of anthocyanins in the US diet had been found 
to be 180-215 mg/day while that of most other dietary flavonoids, including 
genistein, quercetin and apigenin, was estimated to be only 20-25 mg/day (Hertog et 
al.,1993). The total flavonoid contents (<35g) contained in normal diet did not 
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enough to cause any toxicity in human. So it is safe to consumed several cups of R. 
rugosa tea extract (0.13 g flavonoid per cup). 
4.10 Recommended dose of f lower herbal teas 
There is no daily recommended intake of phenolic compounds or flavonoids. 
However, some scientists recommend that 1 g phenolic compounds should be 
consumed per day for promoting health (Peterson and Dwyer, 1998). Humans ingest 
about 1 g of flavonoids daily in their diet, and they are increasingly being associated 
with cytoprotective antitumour properties. The research by Vita J. A., 2005 showed 
that the subjects consuming the greatest amount of flavonoids (> 29 mg/day) from tea, 
apples, and onions had a 68% lower cardiovascular risk. It is recommended to 
consume five or more servings of fruits and vegetables a day to obtain enough 
flavonoids (Sun et al., 2002). 
In our research, to obtain 1 g phenolic compounds, we need to brew dry flower 
of 23.26g R. rugosa, 37.03g T. majus, 200g M. incana, 142.86g L. sinuatum, 
142.86g L. officinalis, 333.33g G. globosa or lOOg H. sabdariffa with hot water at a 
ratio 1:100(w/v) for an hour. Actually, it is impossible to consume such amount of 
dry flower daily. If 5g of dry flower is used for making infusion and 3 cups of 
infusion are consumed daily, then R. rugosa, T. majus, M. incana, L. sinuatum, L 
officinalis, G. globosa or H. sabdariffa will contribute to 21.5%, 13.5%, 2.5%, 3.5%, 
3.5%, 1.5% or 5% of the suggested daily dose of phenolic compounds. Actually 
many other foods will contribute to the phenolic contents. For example, grapefruit 
juice has been shown to contain nearly 200-850 mg/L of total flavonoids, among 
which naringin is the most abundant (145-638 mg/L) (Ross et al., 2000) while 
orange juice has been shown to contain 200-450 mg/L and mainly contains 
hesperidin and (Manach et al., 2003). Soy foods are abundant of the isoflavones 
genistein and daidzein and dry bean contains about 1 mg of these compounds per 
gram (Reinli and Block, 1996). Green tea and red wine has been shown to contain 
about 1 OOOmg flavonoids /L and the flavonoids mainly are catechins including 
epicatechin, epigallocatechin, epicatechin-3-gallate and epigallocatechin-3-gallate. 
(Lee et al., 1995) However, junk foods: such as hamburger, fried potato chip, have 
become the favorites of people. These foods contain no phenolic compounds. So 
adding flower herbal teas to our diet, we can get enough phenolic compounds for the 
sake of health promoting effects. 
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4.11 Antiprol i ferat ive activities of flower extracts by M T T assay 
Many biochemical and clinical studies have suggested that natural antioxidant 
compounds, such as phenolic compounds, are helpful in treating cancer and several 
degenerative diseases. In addition, phenolic compounds of plant extracts is correlated 
with their enhanced antitumor activities (Lee et al., 2003). In our research, we try to 
correlate the antioxidant activities, phenolic contents and flavonoid contents to the 
antiproliferative activities of flower extracts by MTT assay. For HepG2, it showed 
high correlation of TEAC values with respect to the antiproliferative activities, 
R =0.89 (Fig 3.22). Moreover, it also showed considerable correlation of total 
phenolic and flavonoids contents with respect to the antiproliferative activities, 
R^=0.83 and 0.83 respectivley (Fig 3.24). Nevertheless, the correlation efficient of 
hydroxyl radical scavenging ability with respect to antiproliferative activities was 
2 • • • • • • only R =0.39. From these findings, the antiproliferative activities of HepG2 may be 
attributed to the total phenolic contents, flavonoid contents, and ABTS.+ of flower 
extracts while hydroxyl radical scavenging ability may be unrelated to the 
proliferation of HepG2. Those phenolic compounds, which confer antiproliferative 
activities on HepG2, probably possessed antioxidant activities. Moreover, the 
flavonoid portion of the total phenolic contents may be contributed to the 
antiproliferative activities by MTT assay. The reason why the proliferation of cancer 
cell is inhibited by flavonoids is that flavonoids are found to cause substantial 
respiratory chain inhibition or mitochondrial uncoupling and decreased the 
mitochondrial ATP levels, which leaded to necrosis induction (Dorta et al., 2005); 
moreover, the antiproliferative activities determined by MTT assay is based on the 
mitochondrial activities of cells. 
However, for MCF7, it showed low correlation of TEAC and hydroxyl 
scavenging abitliy with respect to the antiproliferative activities, R^=0.52 and 0.67 
respectively (Fig 3.23). It also showed low correlation of total phenolic and 
flavonoids contents with respect to the antiproliferative activities, R^=0.68 and 0.67 
respectivley (Fig 3.25). At this stage, we cannot conclude that whether the inhibition 
of growth of MCF7 is due to the total phenolic content, different fractions of R. 
rugosa will be tested again in antiproliferative studies. The antiproliferative activities 
on MCF-7 may be due to non-phenolic compounds in the flower extracts. 
The IC50 of R. rugosa extract for HepG2 was 85.13 which is much lower than 
that of blueberry. The IC50S of crude extracts of different kinds of blueberry 
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collected from Paulk Vineyards ranged from 2000 |ig/mL with Briteblue to around 
3000 |ig/mL with Tifblue and Powderblue on HepG2 (Yi et al., 2006). 
4.12 Ant ipro l i ferat ion activities of flower extraction powders by B r d U labeling 
assay 
MTT assay was employed to study the antiproliferative activity of the 7 flower 
extraction powders. The basic principle of the assay is: MTT is reduced to an 
insoluble purple formazan by mitochondrial dehydrogenase, and the formazan is then 
dissolved in alcohol in order for measurement. Cell proliferative activities is 
measured based on the mitochondrial activities. 
MTT assay was employed to find out the antiproliferative activities of cells by 
flower extracts. However, it can not exactly indicate the situation of proliferation of 
cells. Somehow the mitochondrial activities deplete but the proliferation of the cells 
has not ceased. So, more accurately, DNA synthesis should be a better indicator to 
reflect the proliferation of cells. The IC50 of R. Rugosa extract on HepG2, MCF7, 
a375 and Colo201 were 59.93, 518.78, 46.38 and 67.90|Lig/ml respectively 
(Table 3.2). The IC50 on MCF7 found in MTT assay (91.69^g /ml) varied a lot from 
that found in BrdU labeling assay (518.78|ug/ml). The reason for that variation may 
due to different mechanisms for measuring the proliferation of cells. The 
mitochondrial activities of MCF7 may be inhibited or the cells was killed when 
incubated with the flower extract; Nevertheless, the DNA synthesis was not greatly 
ceased. As a result, the IC50 found the BrdU labeling assay was higher. 
The R. rugosa extract conferred no inhibition of DNA synthesis in the HS68, 
implying that the effect selectively for cancer cells. If the extract induces inhibition 
of DNA synthesis in normal cells, it will not be safe for consumption. Actually, 
many plant derived-bioactive substances are found capable of selectively arresting 
cell growth and inducing apoptosis in tumor cells (Mukherjee et al., 2001); for 
instance, the herbal medicine,Sho-saiko-to, which contains baicalin and baicalein 
Sho-saiko-to, was shown to have no suppressive effects on the proliferation of 
normal human peripheral blood lymphocytes and normal rat hepatocytes (Yano et aL, 
1994). It is believed that R. rugosa will receive considerable attention in cancer 
chemopreventive approaches in the foreseeable future. 
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4.13 Protective effects of flower extraction powder on oxidative DNA damage 
determined by comet assay 
For the Figure 3.13, (a) Only PBS was added to the DNA so the DNA 
remained intact, (b) The DNA was incubated with 0.1 mM H2O2 and different 
concentration of flower extraction powder or 0.1 mM Vitamin C for 30minutes. 
Active substances in flower tea extracts or Vitamin C protected DNA from H2O2 
induced damage so the comet tail was shorter than that of (c). (c) The DNA was 
incubated with 1 mM H2O2 for SOminutes. The comet tail of it was the longest 
revealing that DNA damage was more severe than (a) and (b). 
Before the comet assay, H2O2 was utilized for induction of DNA damage. 
Actually, it was not H2O2 itself to induce the DNA damage because it did not 
undergoe any chemical reaction with DNA, as measured by strand breakage H2O2 
crossed the biological cell membranes easily before it could react with the metal ions 
bound upon or very close to DNA to produce *0H, and *0H in turn caused DNA 
strand breakage (Halliwell & Aruoma, 1991). Coincubation system and 
preincubation system were used to determine the protective effects of flower extracts 
on oxidative DNA damage extracellularly and intracellularly respectively. In the 
coincubation system, the antioxidant components such as phenolic compounds were 
envisaged to scavenge the H2O2 before it could enter the cell and caused DNA 
damage. On the other hand, in the preincubation system, the antioxidant components 
are believed to enter the cell first and scavenged both H2O2 and *0H later. Actually, 
numerous flavanoids are ideal scavengers of peroxyl radicals owing to their 
favourable reduction potentials relative to alkyl peroxyl radicals. The presence of a 
B-ring catechol group of flavonoids confer them the ability of hydrogen donation to 
stabilize free radicals (RiceEvans et al., 1996). Since R. rugosa and T. majus in our 
research were shown to contain abundant flavonoids, the protective effects are 
believed to be positive. 
R. rugosa and T. majus were selected for this assay since these two extracts 
showed the highest hydroxyl radical scavenging ability in the deoxyribose assay. For 
both incubation sysem, these two flower extracts showed similar protective effects in 
dose dependent manner (Fig 3.14-3.17). These findings indicated that the flower 
extracts conferred protective effects on oxidative DNA damage both extracellularly 
and intracellularly equally well. For preincubation system(Fig 3.14 and 3.15), T. 
majus extract showed more potent protective effects than that of R. rugosa, which 
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contradicted the findings in both the deoxyribose assay and TEAC assay, in which R. 
rugosa showed higher antioxidant activities than T. majus (Table3.1). The reason 
might be the permeability of the cell membrane to antioxidant components of T. 
majus was greater leading a greater accumulation of antioxidant components within 
the cell. And the protective effects somehow depended on the amount of antioxidants 
present in the cell. 
4.14 Cell cycle analysis 
As shown in the results, R. rugosa. extract induced different cell cycle arrest 
pattern on different cell lines. For Colo201, S phase was arrested at IC50 and 
apoptosis was induced at 2xIC5o. A great proportion of cells moved to S phase at 
2xIC5o so the cell cycle could not be defined at after treated with IC50 after 72hrs 
incubation. For A375, the cells was arrested at Sub-Go/Gj, G2/M and S phase. The 
extent of antiproliferative effects increased in a dose response manner (p<0.05). For 
HepG2, the cells was arrested at Sub-Go/Gi and S phase. Also, the antiproliferative 
effects increased in a dose response manner (p<0.05). R. rugose, extracts induced 
apoptotic effects on these 3 cell lines. 
The appearance of Sub-Go/Gi (hypodiploid peak) may due to the presence of 
apoptosis cell and apoptotic bodies with DNA content <2n (Teng et al., 2006). It 
seems that the active compounds in R. rugosa. extracts may serve as a potent 
apoptosis inducing drug for cancer and that the apoptosis inducing effects may be 
due to its ability to regulate the cell cycle regulation protein. Actually, most 
anticancer durgs induce tumor cell death by apoptosis (Milner, 1995). 
It was found that a lot of flavonoids can induce cancer cells apoptosis. For 
example, genistein (isoflavone) induces apoptosis in HL-60 human leukemia cells 
(Sorenson et at.,1988); quercetin (flavonol) in HT-29 human colon cancer cells, HL-
60, and K562 human leukemia cancer cells (Kuo, 1996 and Csokay et al., 1994); 
baicalin (Flavone) in prostate cancer cells (Chan et al., 2000); buitein (Chalcone) and 
isoliquiritigenin in B16 melanoma 4A5 cells (Iwashita et al., 2000); phloretin 
(chalcone) in B16 melanoma 4A5 cells and HL-60 human leukemia cells (Kobori et 
al., 1999 and 2000). So the flavonoids in R. rugosa may contribute to the apoptotic 
effects on HepG2, A375 and Colo201. 
It is believed that the induction of apoptosis is related to the inhibition of 
activity of signal transduction molecules involved in the cell cycle. This is because 
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certain antioxidants, such as flavonoids, have been reported to have inhibitory effects 
on PI3-kinase, protein kinase C, protein tyrosine kinase, and some transcriptional 
factors, and such inhibition in turn have been shown to arrest cell growth and induce 
apoptosis in differenet cancer cell lines (Gamet-Payrastre et al., 1999). 
4.15 Fur ther Studies 
The identification of active component(s) in R. rugosa will be the objective of 
future study. Elucidation of the signal transduction pathway leading to cell arrest is 
essential for the understanding of underlying mechanism. In addition to in vitro 
studies, in vivo animal model should also be employed to study the anticancer effect 
of the flower tea extract. 
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Chapter 5 Conclusion 
The 7 dry flowers studied in this research were found to contain significant 
amount of phenolic (0.003g to 0.043g CE per 1 g DW) and flavonoid contents (0.026 
to 0.002g CE per 1 g DW). R. rugosa exhibited the highest phenolic and flavonoid 
contents. These contents were believed to contribute to potent antioxidant activities 
in TEAC assay. The TEAC of R. rugosa (1.178g TE per 1 g DW) was the highest 
among the 7 flowers and greater than many natural foods. R. rugosa showed the 
highest hydroxyl radical scavenging ability, IC50 = 10.34mg P /ml. Moreover, R. 
rugosa and T. majus extraction powders were found to confer protective effects on 
oxidative DNA damage in Comet assay. The protective effects were probably due to 
the antioxidant activities. ROS have implicated in a lot of diseases, such as cataracts, 
skin lesions and ageing, etc.(Table 1.1). The internal defense systems, such as SOD 
and catalase, may not be enough to completely combat the oxidative assaults, to 
which we daily expose. So, we need to consume antioxidants from the diet. Flower 
extracts, especially R. rugosa, will be a rich source of natural antioxidants. Moreover, 
all the flower extraction powders tested showed no genotoxicity in the SOS 
chromotest. Therefore, the extracts are safe for consumption. 
R. rugosa extraction powder exhibited the highest antiproliferative activities in 
the MTT assay. In MTT assay, the IC50 of R. rugosa extraction powder against 
HepG2 and MCF7 were 85.13|Lig/ml and 91.69 |ig/ml respectively. In BrdU labeling 
analysis, the IC50 of R rugosa extract against HepG2, MCF7, A375 and Colo201 
were 59.93 |ig/ml, 518.78 |ug /ml, 46.38 |ag/ml and 67.90|Lig/ml respectively. R. 
rugosa extraction powder arrested cell cycle of Colo201, HepG2, and A375 at S 
phase, S phase, and G2/M and S phase respectively. Moreover, it induced apoptosis 
among these 3 cancer cell lines. The potent antiproliferative activities of R. rugosa 
render it a good candidate in chemoprevention; the mechanism for the 
antiproliferative activities is of interest and will be further studied. 
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